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This data book collects into one complete reference Nation- Future revisions of this data book will include new individual 
al Semiconductor products that meet the needs of OEMs products as well as total system solutions for wireless com- 
for the wireless industry. This data book includes existing munications. 


products as well as some products that are in advanced The data book is organized around the seven blocks shown 
design stages. in the figure. > 
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Personal Wireless Communication System 


Radio Transceiver 


The PLLatinum™ phase-lock-loop product family consists 
of single and dual PLLs that operate up to 2.5 GHz. Each of 
the single and dual mode PLLatinum PLLs was designed 
with a dual modulus prescaler with 64/65 and 128/129 di- 
vide ratios available. PLLatinum PLLs generate a very stable 
low noise signal making them idéal for AMPS, DECT, GSM, 
IS-136, and IS-95. Because the PLLs were designed with 
wireless communication requirements in mind, their use can 
lead to significant savings in integration time. 


The LMX3160 is a single chip transceiver solution for DECT 
applications, The LMX3160 transmitter includes a 1.1 GHz 
PLL, a frequency doubler, and a high frequency doubler. 
The receiver consists of a 2.0 GHz low noise mixer, an inter- 
mediate frequency amplifier, a high gain limiting amplifier, a 
frequency discriminator and a received signal strength indi- 
cator (RSSI). The LMX3160’s high level of integration and 
low current consumption make it ideal for DECT and PCS 
applications. 


Baseband Processing 


The LMX2240 Intermediate Frequency Receiver and the 
LMX2411 Baseband Processor are designed for use in 
DECT as well as other digital cellular telephone designs. 
The LMX2240 consists of a high gain limiting amplifier, a 
frequency discriminator, and a received signal strength indi- 
cator (RSSI). The LMX2240 supports single conversion re- 
ceivers which reduces power requirements, size, and cost. 


The LMX2411 contains both transmit and receive functions. ‘ 


The transmitter utilizes a low power high speed digital-to 
analog converter (DAC) and a mask programmable ROM to 
generate a Gaussian filter pulse shape. The receiver in- 
cludes a high speed, low power voltage comparator with DC 
compensation. 


Control and Signal Processing 


The COP-8 family of microcontrollers offers a wide variety of 
RAM size, ROM size, UART and WATCHDOG™ functionali- 
ty and interrupt sources. All COP-8 microcontrollers are 
based on the same CMOS process, use MICROWIRE™ se- 
rial communication, and have the same development tools 
which allow for significant reductions in design and integra- 
tion time. 


The NSAM265SF Digital Speech Processor with Compact- 
SPEECH provides digital answering machine functionality 
by integrating a 16-bit RISC processor and a Digital Signal 
Processor (DSP) into one chip. CompactSPEECH imple- 
ments voice compression and decompression, tone detec- 
tion and generation, time and date stamp and other answer- 
ing machine functions in firmware to reduce the cost and 
complexity associated with designing a digital answering 
machine. 


Non-Volatile Memory 


National Semiconductor has a complete line of low voltage 
EEPROM devices to meet the needs of the wireless com- 


munications market. All EEPROMs are designed using a 0.8 
micron CMOS process that allows for access times as low 
as 100 ns with 3.0V operation. 


The EEPROM family is a complete line of low voltage low 
power memory devices. With memory sizes between 2k and 
16k and access times between 120 ns 200 ns. 


Audio Interface 

National Semiconductor’s Boomer® family of audio prod- 
ucts includes the LM4861 low voltage CMOS audio amplifi- 
er. The LM4861 is rated at 0.5W into 82N with less than 1% 
Total Harmonic Distortion (T HD). With a voltage range of 
2.7V to 5.5V, the LM4861 is ideal for low voltage wireless 
communication units. 


Support Circuitry 


The Tiny CMOS line of rail-to-rail operational amplifiers and 
the dual and quad rail-to-rail CMOS operational amplifiers in 
this book are ideal for mobile communications. The Tiny 
CMOS family provides rail-to-rail input and output, high open 
loop gain, and low distortion in a SOT 23-5 package. The 
dual and quad operational amplifiers provide multiple rail-to- 
rail input and output operational amplifiers and a high Com- 
mon-Mode Voltage Range that make them unique and prac- 
tical for wireless communication designs. This data book 
includes a listing of the SO-8 family of single and dual 
CMOS FETs as well as other N and P-channel FETs that 
are suited for wireless communication products. 


Power Management 


National Semiconductor's line of Temperature Sensors, 
Voltage References, and Low Drop Out Voltage Regulators 
are ideal for wireless applications. Precision Centigrade 
Temperature Sensors do not require calibration or trimming. 
Their accuracy, + 2°C at room temperature, low power, and 
their small packaging, SOT-23, make them ideal for wireless 
applications. 


Precision Micropower Shunt Voltage References are avail- 
able in a SOT-23 surface mount package. The LM4040 re- 
duces design complexity by eliminating the need for any 
external stabilizing capacitor and by being available with 
several fixed reverse breakdown voltages between 2,500V 
and 10,000V. 


National Semiconductor has a line Micropower Voltage 
Regulators. Micropower voltage regulators are available 
with fixed 3.0V, 3.3V and 5.0V outputs or with adjustable 
output voltages. The LP2950 line guarantees 100 mA output 
current while the LP2980 line guarantees 50 mA output cur- 
rent. 


Complete Cordless Phone Solution 


National Semiconductor has developed a CMOS chipset 
that includes all major functionality for 46/49 MHz cordless 
phones. The chipset offers OEMs a compact, low power 
cordless phone solution that significantly reduces time to 
market. 
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LMX1501A/LMX 1511 PLLatinum™ 
1.1 GHz Frequency Synthesizer 
for RF Personal Communications 


General Description 


The LMX1501A and the LMX1511 are high performance fre- 
quency synthesizers with integrated prescalers designed for 
RF operation up to 1.1 GHz. They are fabricated using Na- 
tional’s ABiC IV BICMOS process. 


The LMX1501A and the LMX1511 contain dual modulus 
prescalers which can select either a 64/65 or a 128/129 
divide ratio at input frequencies of up to 1.1 GHz. Using a 
proprietary digital phase locked loop technique, the 
LMX1501A/11’s linear phase detector characteristics can 
generate very stable, low noise local oscillator signals. 


Serial data is transferred into the LMX1501A and the 
LMX1511 via a three line MICROWIRE™ interface (Data, 
Enable, Clock). Supply voltage can range from 2.7V to 5.5V. 
The LMX1501A and the LMX1511 feature very low current 
consumption, typically 6 mA at 3V. 


The LMX1501A is available in a JEDEC 16-pin surface — 
mount plastic package. The LMX1511 is available in a 


TSSOP 20-pin surface mount plastic package. 


Block Diagram 


OSGy 


14-BlT 
R COUNTER 


19-BIT 
DATA REGISTER 


PRESCALER : 
64/65 OR poe 


128/129 N COUNTER 


Features 
m RF operation up to 1.1 GHz 
™ 2.7V to 5.5V operation 
m Low current consumption: 
Icc = 6 mA (typ) at Voc = 3V 
m Dual modulus prescaler: 64/65 or 128/129 
m Internal balanced, low leakage charge pump 
@ Small-outline, plastic, surface mount JEDEC, 0.150” 
. wide, (1501A) or TSSOP, 0.173” wide, (1511) package 


Applications 

@ Cellular telephone systems 
(AMPS, NMT, ETACS) 

m Portable wireless communications 
(PCS/PCN, Cordless) 

m Advanced cordless telephone systems 
(CT-1/CT-1+, CT-2, ISM902-928) 

m@ Other wireless communication systems 


CHARGE 
PUMP 


TL/W/12340-1 
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LMX1501A/LMX1511 


Connection Diagrams 
LMX1501A LMX1511 ~ 


fo) 
C 


Top View 
16 
TOP VIEW | 
15 


oon OO Oo me HH KR 


TL/W/12340-2 
JEDEC 16-Lead (0.150” Wide) Small 
Outline Molded Package (M) oo - - TL/W/12340-3 
Order Number LMX1501AM or LMX1501AMX 20-Lead (0.173” Wide) Thin Shrink 
See NS Package Number M16A Small Outline Package (TM) ae 
, Order Number LMX1511TM or LMX1511TMX 
See NS Package Number MTC20 


o 


Pin Descriptions 
PinNo. | PinNo. | PinName |). | Description 
gia | 1511 | 1s01asi5n | 


Oscillator input. A CMOS inverting gate input intended for connection to a © 
crystal resonator for operation as an oscillator. The input has a Vcc/2 input 
threshold and can be driven from an external CMOS or TTL logic gate. May also 
be used as a buffer for an externally provided reference oscillator. 


Oscillator output. 
Power supply for charge pump must be = Vcc. 


Power supply voltage input. Input may range from 2.7V to 5.5V. Bypase 
capacitors should be placed as close as possible to this pin and be connected 
directly to the ground plane. 


Internal charge pump output. For connection to a fogs filter for andng the input 
of an external VCO. 


Ground. 


Lock detect. Output provided to indicate when the VCO frequency is in “lock”. 
When the loop is locked, the pin’s output is HIGH with narrow low pulses. 


Prescaler input. Smail signal input from the VCO. 


High impedance CMOS Clock input. Data is clocked in on the rising edge: into 
the various counters and registers. 


Binary serial data input. Data entered MSB first. LSB is control bit. High 
impedance CMOS input. 


Load enable input (with internal pull-up resistor). When LE transitions HIGH, 
data stored in the shift registers is loaded into the appropriate latch (control bit 
dependent). Clock must be low when LE toggles high or low. See Serial Data 
Input Timing Diagram. 


12 Phase control select (with internal pull-up resistor). When FC is LOW, the 
polarity of the phase comparator and charge pump combination is reversed. 


X Analog switch output. When LE is HIGH, the analog switch is ON, routing the 
internal charge pump output through BISW (as well as through Do). 


13 Monitor pin of phase comparator input. Programmable reference divider output. 
14 Monitor pin of phase comparator input. Programmable divider output. 
X Monitor pin of phase comparator input. CMOS Output. 


15 Output for external charge pump. $p is an open drain N-channel transistor and 
requires a pull-up resistor. 


16 Output for external charge pump. ¢, is a CMOS logic output. 


X 2,9,12,19 No connect. 





Functional Block Diagram 


LMX1501A 


ean 
ean 


PROGRAMMABLE 14-BIT 
REFERENCE 
AR) 
COUNTER 
14- | 14-817 LaTcH | ht CHARGE 
PUMP 


9-BIT SHIFT REGISTER. 
_ eal 


ae eeee 
CONTROL 
LATCH 


7-BIT LATCH 11-BIT LATCH 


BINARY 7~BIT BINARY 11-8IT 
PROGRAMMABLE 
(8) 
COUNTER 


PRESCALER 
(64/65 OR 
128/129) 


SWALLOW CONTROL 


TL/W/12340-40 
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LMX1501A/LMX1511 


Functional Block Diagram (Continued 


*LMX1511 


PHASE 
COMPARATOR 


PROGRAMMABLE 14-BIT 
CRYSTAL REFERENCE 
OSCILLATOR (R) 
COUNTER DIVIDER 
OUTPUT 
(fr/fp) 
MUX 


ANALOG 


14-BIT LATCH CHARGE Site 





19~BIT SHIFT REGISTER 
———— 


7-BIT LATCH 11~BIT LATCH 


BINARY 7-BIT ‘BINARY 11-BiT 
SWALLOW : } | PROGRAMMABLE 
: (B) 
COUNTER "COUNTER 


PRESCALER 
(64/65 OR (a) 
128/129) 


SWALLOW CONTROL 


TL/W/12340-4 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please’ contact the National’ Semiconductor Sales 
Office/Distributors for availability and specifications. 
Power Supply Voltage SO 
Voc a —0.3V to +6.5V 
Vp —0.3V to +6.5V 
Voltage on Any Pin 
with GND = OV (V)) 
Storage Temperature Range (Ts) 
Lead Temperature (T,) (solder, 4 sec.) 


—0.3V to +6.5V 
—65°C to + 150°C 


Symbol Parameter 


loc Power Supply Current 


fin Maximum Operating Frequency 


fosc — Maximum Oscillator Frequency 


fg. | Maximum Phase Detector Frequency. 


Pfin Input Sensitivity : a 


Vosc Oscillator Sensitivity - 
| Vin High-Level Input Voltage 
Vit . Low-Level Input Voltage 


+ 260°C 


Recommended Operating. 
Conditions — | 


Power Supply Voltage 
Vcec a 2.7V to 5.5V) 
Vp Vcc to 5.5V 


Operating Temperature (Ta) — 40°C to + 85°C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to 
the device may occur. Operating Ratings indicate conditions for which the 
device Is intended to be functional, but do not guarantee specific perform- 
ance limits. For guaranteed specifications and test conditions, see the Elec- 
trical Characteristics. The guaranteed specifications apply only for the test 
conditions listed. : ; 


Units 


liq High-Level Input Current (Clock, Data) Vin = Voc = 5.5V 


lit Low-Level Input Current (Clock, Data) 
li Oscillator Input Current 


Vit = OV, Voc = 5.5V 
Vin = Voc = 5.5V 


ue Vit = OV, Voc = 5.5V 


High-Level Input Current (LE, FC) 
Nie Low-Level Input Current (LE, FC) 
*Except fin and OSC 


Vin = Voc = 5.5V 
Vit = OV, Voc = 5.5V 
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Electrical Characteristics Vcc = 5.0V, Vp = 5.0V; — 40°C < Ta < 85°C, except as specified (Continued) 


Symbol Conditions | Min Units 


IDo-source Charge Pump Output Current frees. Si 

Desk _ Beisel 

Ipg-ti |. Charge Pump TRI-STATE® Current | 0.5V < Vp, < Vp — 0.5V | 50 | 
ae T = 25°C 


Vou 

Vor___| Low-LevelOutputVotage | ton = 1.0mavs | 

Vou High-Level Output Voltage (OSCouT) 

VoL Low-Level Output Voltage (OSCoyr) | Ion = 200A (ssis|ttCtidttsidS:Cias 

lon__| Open Drain Output Current (d_) | Voo=80V.Vor=o4v | x0 | | 

ton __| Open Drain Output Current (4) | Von=ssv_ | | 100 | 

Ron ___| AnalogSwitchONResistanco(is1t) | | t0 | 
| DatatoClockSetUpTime __—_| See DatainputTiming | 60 | | 
| DatatoClockHoldTime | See DatalnputTiming | 10 || 
| Clock PulseWidthHigh | See DatatnputTiming | 60 || 
| Clock PulseWidthLow | SeeDatainputTiming | 50 | | 
| Clock toEnableSetUpTime __—|_SeeDatainputTiming | 60 || 

Enable Pulse Width [| SeoDatainputTiming | 50 | | 


**Except OSCour 





Typical Performance Characteristics 
lec V8 Vcc - an aha a5 Ip, TRI-STATE vs Do Voltage 


LESLXIWT/WLOSEXWT 


Dp VOLTAGE (V) 
TL/W/12340~-5 TL/W/12340-6 


Charge Pump Current vs Do Voltage = Charge Pump Current vs Do Voltage 


CURRENT (mA) 
CURRENT (mA) 


Dp VOLTAGE (¥) Dp VOLTAGE (V) 
TL/W/12340-7 i : TL/W/12340-8 


_. Charge Pump Current Variation. 5% Oscillator Input Sensitivity 





% VARIATION 
SENSITIVITY (dBm) 
SENSITIVITY (Vpp) 


“CSSZOK TE 
| | BSsSitpe 7 25 30 35 40 45 


0 2 a 
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 FREQUENCY (MHz) 
. VOLTAGE OFFSET (V) FROM Vp/2 ea TL/W/12340-10 
TL/W/12340-9 





LMX1501A/LMX1511 


Typical Performance Characteristics (Continued) . 


Input Sensitivity vs Frequency 


900 1100 1300 1500 


FREQUENCY (MHz) 
TL/W/12340-11 


Input Sensitivity at Temperature 
Variation, Vcc = 5V , 


900 1100 1300 1500 


FREQUENCY (MHz) 
TL/W/12340-13 


LMX1501A Input Impedance vs Frequency 
Voc = 2.7V to 5.5V, fin = 100 MHz to 1,600 MHz 


TL/W/12340-15 


Marker 1 = 500 MHz, Real = 67, Imag. = —317 
Marker 2 = 900 MHz, Real = 24, Imag. = —150 


Input Sensitivity vs Frequency 


Vee =3.0V Vee =3.3V 


900 1100 1300 1500 


FREQUENCY (MHz) 
TL/W/12340-12 


Input Sensitivity at Temperature 
Variation, Vec = 3V 


900 


FREQUENCY (MHz) 
TL/W/12340-14 


LMX1511 Input impedance vs Frequency 
Voc = 2.7V to 5.5V, fin = 100 MHz to 1,600 MHz 


TL/W/12340-16 


Marker 1 = 500 MHz, Real = 69, Imag. = —330 
Marker 2 = 900 MHz, Real = 36, Imag. = —193 


Marker 3 = 1 GHz, Real = 19, Imag. = —126 
Marker 4 = 1,500 MHz, Real = 9, Imag. = —63 


Marker 3 = 1 GHz, Real = 35, Imag. = —172 
Marker 4 = 1,500 MHz, Real = 30, Imag. = —106 
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Charge Pump Current Specification Definitions 


VOLTAGE 
OFFSET 
AV 


Current (mA) 


Vp /2 
Do Voltage 
TL/W/12340-17 
11 = CP sink current at Vp, = Vp — AV 14 = CP source current at Vp, = Vp — AV 


{2 = CP sink current atVp, = Vp/2. ; 15 = CP source current at Vp, = Vp/2 
13 = CP sink current at Vp, = AV 16 = CP source current at Vp, = AV 


AV = Voltage offset from positive and negative rails. Dependent on VCO tuning range relative to Voc and ground. Typical values are between 0.5V and 1.0V. 


1. IDg vs Vp, = Charge Pump Output Current magnitude variation vs Voltage = 
[% * |] — [3% * {|| + [I3}3] * 100% and [%* |!4] — |lel]/[% * {|14] + |l6]}] * 100% 
2. IDo.sink VS 'Do-source = Charge Pump Output Current Sink vs Source Mismatch = 
{li2| — |I5|I/[y2 * tlt2| + |I5|}] * 100% 
3. Ipg vs Ta = Charge Pump Output Current magnitude variation vs Temperature = 
[|i2 @ temp| — |I2 @ 25°C] /|I2 @ 25°C] * 100% and [|I5 @ temp| — |I5 @ 25°C(]/|I5 @ 25°C| * 100% 
4. Ky = Phase detector/charge pump gain constant = ¥,*{|I2|+|I5|} 


RF Sensitivity Test Block Diagram 


13.dB ATIN 
LMX1501A/1511 


Evaluation Board RF 500 


SMHU 835.8011.52 
Parallel Signal Generator 
Port : 


10 MHz EXT REF QUT 


HP5385A IN 
Frequency Counter 


2.7V~—~ 5.0V 


TL/W/12340-18 
Note 1:N = 10,000 R= 50 P = 64 


Note 2: Sensitivity limit is reached when the error of the divided RF output, foyt, is greater than or equal to 1 Hz. 
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Functional Description 


The simplified block diagram below shows the 19-bit data register, the 14-bit R Counter and the S Latch, and the 18-bit 
N Counter (intermediate latches are not shown). The data stream is clocked (on the rising edge) into the DATA input, MSB first. 
If the Control Bit (last bit input) is HIGH, the DATA is transferred into the R Counter (programmable reference divider) and the 
S Latch (prescaler select: 64/65 or 128/129). If the Control Bit (LSB) is LOW, the DATA is transferred into the N Counter 


(programmable divider). 
eoGn 14-BIT 
OSCoyr R COUNTER 


19-BIT 
DATA REGISTER 


PRESCALER . 
64/65 OR 18-81 


128/129 N COUNTER 


CHARGE [| _- 
PUMP 


TL/W/12340-19 


PROGRAMMABLE REFERENCE DIVIDER (R COUNTER) AND PRESCALER SELECT (S LATCh) 


If the Control Bit (last bit shifted into the Data Register) is HIGH, data is transferred from the 19-bit shift register into a 14-bit 
latch (which sets the 14-bit R Counter) and the 1-bit S Latch at which sets the prescaler: 64/65 or 128/129). Serial data 


format is shown below. 


[ Control bit (LSB) 


Divide ratio of prescaler control bit (MSB) ai 


|. —.— Divide ratio of the programmable reference divider ——_ 


14-BIT PROGRAMMABLE REFERENCE DIVIDER RATIO 
(R COUNTER) 


{3 Jololo| jolojolols}1 
| 4 [ofolololololololololols[olo 
pos [vets [el stele] sls alstetsl « 
REI NE EO ED En ED ED 


Notes:. Divide ratios less than 3 are prohibited. 
Divide ratio: 3 to 16383 


S1 to S14: These bits select the divide ratio of the programmable 
reference divider. 


C: Control bit (set to HIGH level to load R counter and S Latch) 
Data is shifted in MSB first. 


TL/W/12340-20 


1-BIT PRESCALER SErECE 
(S LATCH) 


Prescaler 
Select | 
Pp 


| _terteo | 0 
| ewes | | 





Functional Description (continuea) 


PROGRAMMABLE DIVIDER (N COUNTER) 


The N counter consists of the 7-bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Control 
Bit (last bit shifted into the Data Register) is LOW, data is transferred from the 19-bit shift register into a 7-bit latch (which sets 
the 7-bit Swallow (A) Counter) and an 11-bit latch (which sets the 11-bit programmable (B) Counter). Serial data format is shown 
below. 


r Controt bit (LSB) MSB 7 
c S sis]s S Ss S 
3 7/849 12 14 17 





|-— Divide ratio of swallow —_|—__—— Divide ratio of programmable ———_| 


counter counter 
TL/W/12340-21 


Note: S8 to S18: Programmable counter divide ratio control bits (3 to 2047) 


7-BIT SWALLOW COUNTER DIVIDE RATIO 11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 
(A COUNTER) (B COUNTER) , 


Divide 
ares 


ver] 4s pales fa] ET AERERED EN EERAER ERED 


Note: Divide ratio: 0 to 127 Note: Divide ratio: 3 to 2047 (Divide ratios less than 3 are prohibited) 
B2A B2A 


PULSE SWALLOW FUNCTION 


fyco = [(P x B) + A] x fosc/R 

fyco: Output frequency of external voltage controlled oscil- 
lator (VCO) 
Preset divide ratio of binary 11-bit programmable 
counter (3 to 2047) 
Preset divide ratio of binary 7-bit swallow counter 
(0 <A < 127,A < B) 

: Output frequency of the external reference frequency 

oscillator 
Preset divide ratio of binary 14-bit programmable ref- 
erence counter (3 to 16383) 


Preset modulus of dual modulus prescaler (64 or 
128) 
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Functional Description (continued) 
SERIAL DATA INPUT TIMING 


DATA | N18: MSB io NQ NASR CONTROL BIT: LSB 


(R15: MSB) (R6) (R1) CONTROL BIT: LSB 


TL/W/12340-22 
Notes: Parenthesis data indicates programmable reference divider data. 
Data shifted into register on clock rising edge. 
Data i is shifted in MSB first. 2 


Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Vcc/2. The test waveform has an ete rate of 0.6 Vins with 
. amplitudes of 2.2V @ Voc = 2.7V and 2.6V @ Voc = 5.5V. 


Phase Characteristics 


In normal operation, the FC pin is used to reverse the polari- VCO Characteristics | 

ty of the phase detector. Both the internal and any external Piao ASE. es 

charge pump are affected. 

Depending upon VCO characteristics, FC p pin should be act 

accordingly: vco 
When VCO characteristics are like (1), FC should be set OUTPUT |: 
HIGH or OPEN CIRCUIT; PREQUENED 
When VCO characteristics are like (2), FC should Ba set 
LOW. ; #6, 

When FC is set HIGH or OPEN CIRCUIT, the monitor pin of VCO INPUT VOLTAGE 

the phase comparator input, foyt, is set to the reference TL/W/12340-23 

divider output, f;. When FC is set LOW, fout is set to the 

programmable divider output, fp. 





PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS 


jel Teccceefeceetennfeeeeee fee LiL 


f, > f, i, < fy f, p f, < fp 
TL/W/12340-24 
Notes: Phase difference detection range: —27 to +27 
The minimum width pump up and pump down current pulses occur at the Dy pin when the loop is locked. 


FC = HIGH 





Analog Switch (1511 only) 


The analog switch is useful for radio systems that utilize a frequency scanning mode and a narrow band mode. The purpose of 
the analog switch is to decrease the loop filter time constant, allowing the VCO to adjust to its new frequency in a shorter 
amount of time. This is achieved by adding another filter stage in parallel. The output of the charge pump is normally through the 
Do pin, but when LE is set HIGH, the charge pump output also becomes available at BISW. A typical circuit is shown below. The 
second filter stage (LPF-2) is effective only when the switch is closed (in the scanning mode). 


CHARGE PUMP 


ANALOG SWITCH 


CONTROL SIGNAL : LE 


Typical Crystal Oscillator Circuit 
A typical circuit which can be used to implement a crystal 
oscillator is shown below. 


OSCy = OSCoyr 


ie 


TL/W/12340-26 


TL/W/12340-25 


Typical Lock Detect Circuit 


A lock detect circuit is needed in order to provide a steady 
LOW signal when the PLL is in the locked state. A typical 
circuit is shown below. 


Voc 


MMBT200 


LOCK 
DETECT 


TL/W/12340~27 
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Typical Application Example 


External Charge 
Pump Circuit: 
(optional, see text) 


FROM 
CONTROLLER 


% four [aisw | rc 
16/20 X/19 15/18 13,14/17 X/16 12/18 11/14 10/13 


LMX1501A Pin # = co LMX1511 Pin# 
: 8/10 
Pin name ——> fin 


LMX1501A/LMX1511 


X/2 2/3 3fk 4/5 


OSGy INC OSCoyy 
1000p Vp 


eee 


51n 100p } O.1 0.14 100p 


LOCK DETECT 
=— CRYSTAL OSC. ot eo CIRCUIT LOCK DETECT 
ia {NPUT (SEE TEXT) 


C1 R2  ¢ 
cz 
I Cc. 


TL/W/12340-28 
Operational Notes: 
*VCO is assumed AC coupled. 


**Rin increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 102 to 200M depending on the VCO power 
level. fin RF impedance ranges from 402 to 1002. 


***502 termination is often used on test boards to allow use of external reference oscillator. For most typical products a CMOS clock is used and no terminating 
resistor is required. OSC, may be AC or DC coupled. AC coupling is recommended because the input circuit provides its own bias. (See Figure below) 


100 kn 


OsC, 


in 


: TL/W/12340-29 
Proper use of grounds and bypass capacitors is essential to achieve a high level of performance. 
Crosstalk between pins can be reduced by careful board layout. 

This is a static sensitive device. It should be handled only at static free work stations. 





Application enformation 


LOOP FILTER DESIGN 
A block diagram of the basic phase locked loop is shown. 


PHASE 
DETECTOR 


REFERENCE 


CRYSTAL DIVIDER 


REFERENCE 


; _ reference 
| Frequency frequency 
{Synthesizer 4 
t 4 


LOOP FILTER 


MAIN DIVIDER 


TL/W/12340-30 


FIGURE 1. Basic Charge Pump Phase Locked Loop 


An example of a passive loop filter configuration, including 
the transfer function of the loop filter, is shown in Figure 2. 


R2 


a 
= TL/W/12340-31 


s(C2¢R2) + 1 
s2(C1 ¢C2¢R2) + sC1 + sC2 
FIGURE 2. 2nd Order Passive Filter 


Define the time constants which determine the pole and 
zero frequencies of the filter transfer function by letting 


T2 = R2¢C2 (1a) 
and 


“ab 


Z(s) = 


C1 eC2 
C1 + C2 (1b) 
The PLL linear model control circuit is shown along with the 


T1 = R2e 


open loop transfer function in Figure 3. Using the phase: 


detector and VCO gain constants [K@ and Kyco] and the 
loop filter transfer function [Z(s)], the open loop Bode plot 
can be calculated. The loop bandwidth is shown on the 
Bode plot (wp) as the point of unity gain. The phase margin 
is shown to be the difference between the phase at the unity 
gain point and — 180°. 





TL/W/12340-33 


Open Loop Gain = 6;/@, = H(s) G(s) 
= Kg 2(s) Kyco/Ns 
Closed Loop Gain = 0,/0; = G(s)/[1 + H(s) G(s)] 


G(s) *H(s)|5 = jew = 


Gain Phase 


|G(s) H(s)| < G(s) H(s) 


0 dB 


aes 


Frequency 
TL/W/12340-32 
FIGURE 3. Open Loop Transfer Function 
Thus we can calculate the 3rd order PLL Open Loop Gain in 
terms of frequency 
XK¢ # Kyco (1+ jo ¢T2) ,T1 
w2CieN(1+joeT1) T2 (2) 
From equation 2 we can see that the phase term will be 
dependent on the single pole and zero such that 
o(w) = tan—1 (we T2) — tan—1 (we T1) + 180° (3) 
By setting 


pp (weT2)2 1+ (w¢T1)2 

we find the frequency point corresponding to the phase in- 
flection point in terms of the filter time constants T1 and T2. 
This relationship is given in equation 5. 

@p = 1/\T2¢T1 (5) 
For the loop to be stable the unity gain point must occur 
before the phase reaches —180 degrees. We therefore 
want the phase margin to be at a maximum when the magni- 
tude of the open loop gain equals 1. Equation 2 then gives 


C1 = Ko @ Kee Ryco s Ti (1+ j@p © T2) 


@p2@NeT2 Ii(1 + jop eT1) (6) 
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Application Information (Continued) 
Therefore, if we specify the loop bandwidth, wp, and the 
phase margin, $p, Equations 1 through 6 allow us to calcu- 
late the two time constants, T1 and T2, as shown in equa- 
tions 7 and 8. A common rule of thumb is to begin your 
design with a 45° phase margin. 


T1= sechp — tandp 
Wp (7) 
1 
Wp? eTI (8) 
From the time constants T1, and T2, and the loop band- 


width, wp, the values for C1, R2, and C2 are obtained in 
equations 9 to 11. 


o1 = 1 Kee Kvco 1 + (Wp ¢ T2) 
Wp? eN Vi+ (@p ° T1)2 (9) 
T2 


(10) 


T2 = 


(11) 
Voltage Controlled Oscillator (VCO) 
Tuning Voltage constant. The fre- 
quency vs voltage tuning ratio. 
Phase detector/charge pump gain 
constant. The ratio of the current out- 
put to the input phase differential. 
N Main divider ratio. Equal to RF opt/fret 
RF opt (MHz) Radio Frequency output of the VCO at 
which the loop filter is optimized. 
Frequency of the phase detector in- 


puts. Usually equivalent to the RF 
channel spacing. 


Kyco (MHz/V) 


Ke (mA) 


fret (KHz) 


~ o eet FT) 


__tange (11 +73) _ 
@c [1 +73)2+T1eT3] 


cr = Tt. KeeKvoo, (1 + wo2 © T22) 


T2 w2eN 


In choosing the loop filter components a trade off must be 
made between lock time, noise, stability, and reference 
spurs. The greater the loop bandwidth the faster the lock 
time will be, but a large loop bandwidth could result in higher 
reference spurs. Wider loop bandwidths generally improve 
close in phase noise but may increase integrated phase 
noise depending on the reference input, VCO and division 
ratios used. The reference spurs can be reduced by reduc- 
ing the loop bandwidth or by adding more low pass filter 
stages but the lock time will increase and stability will de- 
crease as a result. 


THIRD ORDER FILTER 


A low pass filter section may be needed for some applica- 
tions that require additional rejection of the reference side- 
bands, or spurs. This configuration is given in Figure 4. In 
order to compensate for the added low pass section, the 
component values are recalculated using the new open 
loop unity gain frequency. The degradation of phase margin 
caused by the added low pass is then mitigated by slightly 
increasing C1 and C2 while slightly decreasing R2. 


The added attenuation from the low pass filter is: 
ATTEN = 20 log[(27rf,e¢ © R3 ¢ C3)? + 1] (12) 
Defining the additional time constant as 
T3 = R38 eC3 (13) 
Then in terms of the attenuation of the reference spurs add- 
ed by the low pass pole we have 


ATTEN/20 — 
a= LOE Pr 
(27 ® freq)? 


We then use the calculated value for loop bandwidth w<¢ in 
equation 11, to determine the loop filter component values 
in equations 15-17. we is slightly less than wp, therefore 
the frequency jump lock time will increase. 


+ "Tang e (Tt + T3)2- (11 + 73)]2 
fe 





Application Information (continued) 


Example #1 

Kyco = 19.3 MHz/V 

Kg = 5 mA (Note 1) 

RF opt = 886 MHz 

Fret = 25 kHz 

N = RF opt/fret = 35440 

Wp = 27 * SkHz = 3.141564 
dp = 43° 

ATTEN = 10dB 


Ti = Sechp — tandp = 1.38e—-5 
Wp 


40(10720) — 4 
ise eet = 9.361e— 
Gre Dbeae = 2610-6 


4 (tan 43°)e(1.38e—5 + 9.3616—6) 
c 


(1.38e—5 + 9.361e—6)¢ + 1.38e—-5°9.361e—-6 _ 
[(tan 43°)e(1.38e—5 + 9.361e—6)]2 





= 1.810164 


1 
~ (1,810164)2 © (1.38e—5 + 9.361e—6) 
1.38e—5  (5e—3) © 19.366 


T2 


C1 = 


= 2.153 nF 


1.318e—4 


C2 = 2.153 nF (ee 


- 1) = 18.35 nF 


_ 1.3186—4 


R2 = 16.35e—9 


= 7.18 kN 


‘ 9.361e—6 
if we choose R3 = 120k; then C3 12003 78 pF. 
Converting to standard component values gives the follow- 
ing filter values, which are shown in Figure 4. 
C1 = 2200 pF 
R2 = 8.2 kn 
C2 = 0.018 pF 
R3 = 120 ko 
C3 = 78 pF 
Note 1: See related equation for Ky in Charge Pump Current Specification 
Definitions. For this example Vp = 5.0V. The value for Kg can then 
be approximated using the curves in the Typical Performance Char- 
acteristics for Charge Pump Current vs Dy Voltage. The units for Ky 
are in mA, You may also use Ky = (5 mA/2z rad), but in this case 
you must convert Kyco to (rad/V) multiplying by 27. 


- [(1.38e—5 + 9.361e—6)2 + 1.38e—5 © 9,.361e—6] 


= 1.3186—4 


Fe ——— ——————————— 6 
1.318e—4 (1.810164)2 ¢ (35440) li + (1.810104) 


| 


[1 + (1.810104)2 © (1.3180—4)2] Vp 
2 © (1.38e—5)2] [1 + (1.810164)2 © (9.361e—6)2] 


2200 pF 8.2kn 78 pF 


ai 0.018 uF i 
= I = 


FIGURE 4. ~ 5 kHz Loop Filter 
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LMX1501A/LMX1511 


Application Information (Continued) 


MKR 25.0 kHz 
REF ~3.5dBm ATTEN 10dB -66.7 0dB 
SAMPLE LMARKER Be Pealcile ahs de 
25.0 kHz 


~66.7 0 dB 


SPAN 1 00 kHz 
SWP 3.00 sec 
TL/W/12340-43 
FIGURE 5. PLL Reference Spurs , 


CENTER 886. 000 MHz 
RES BW 3 00Hz VBW 1 kHz 


The reference spurious level is < —66 dBc, due to the loop ~ 


filter attenuation and the low spurious noise level of the 
LMX1511. 


MKR 150 Hz 


REF -3.5dBm ATTEN 10dB -65.5 0dB 


warcer L_{ HL | 
SAMPLE 150 Hz 
-65.5 0 dB 


Haas 

VID AVG Beer) eeee 
Fi (itn dO 6 

Es oe et Fax a 


. SPAN 1. 00 kHz 
-SWP 30.0 sec 

. TL/W/12340-44 
FIGURE 7. PLL Phase Nolse @ 150 Hz Offset 


The phase noise leve! at 150 Hz offset is —75.5 dBc/Hz. 


CENTER 885.999 99 MHz 
RES BW 1 OHz VBW 30 Hz 


MKR 3.51kHz * 


REF -3.5dBm ATTEN 1 OdB -41.9 OdB a 


SAMPLE [ MARKER fe 


3.51 kHz 
-41.9 0 dB 


SPAN 3 0. OkHz 
SWP 1. 00sec 

TL/W/12340-45 
* FIGURE 6. PLL Phase Noise 3.5 kHz Offset 


The phase noise level at 3 kHz offset is -65 dBc/Hz. 


CENTER 886. 000 0 MHz 
-- RES:BW 3 00Hz VBW 1 kHz 


915.002500 MHz + 
915.000000 MHz 


914.997500 MHz ee 
- Oms° 5.000 ms - 
2.000 ms/div 
T, 1.333ms Ty 178 us “A -1.511ms 
F, 915.001000MHz F2 914.999000MHz A ~2.000 kHz 
3 TL/W/12340- ~42 
FIGURE 8. Frequency Jump Lock Time. 


Of concern in any PLL loop filter design is the time it takes 
to lock in to’'a new frequency when switching channels. Fig- 
ure 8 shows the switching waveforms for a frequency j jump 
of 857 MHz-915 MHz. By narrowing the frequency span of 
the HP53310A: Modulation Domain Analyzer enables. evalu- 
ation of the frequency lock time to within +1 kHz. The lock 
time is seen to be < 1.6 ms for a frequency jump of 58 MHz. 


- 15.000 ms 





Application Information (continued) 
EXTERNAL CHARGE PUMP 


The LMX PLLatimum series of frequency synthesizers are 
equipped with an internal balanced charge pump as well as 
outputs for driving an external charge pump. Although the 


superior performance of NSC’s on board charge pump elim- — 


inates the need for an external charge pump in most appli- 
cations, certain system requirements are more stringent. In 
these cases, using an external charge pump allows the de- 
signer to take direct control of such parameters as charge 
pump voltage swing, current magnitude, TRI-STATE leak- 
age, and temperature compensation. 


One possible architecture for an external charge pump cur- 
rent source is shown in Figure 9. The signals $p and ¢, in 


the diagram, correspond to the phase detector outputs of | 


the LMX1501/1511 frequency synthesizers. These logic 
signals are converted into current pulses, using the circuitry 
shown in Figure 9, to enable either charging or discharging 
of the loop filter components to control the output frequency 
of the PLL. , 


Referring to Figure 9, the design goal is to generate a5 mA 
current which is relatively constant to within 5V of the power 
supply rail. To accomplish this, it is important to establish as 
large of a voltage drop across R5, R8 as possible without 
saturating Q2, Q4. A voltage of approximately 300 mV pro- 
vides a good compromise. This allows the current source 
reference being generated to be relatively repeatable in the 
absence of good Q1, Q2/Q3, Q4 matching. (Matched tran- 
sistor pairs is recommended.) The op and ¢r outputs are 
rated for a maximum output load current of 1 mA while 5 mA 
current sources are desired. The voltages developed across 
R4, 9 will consequently be approximately 258 mV, or 42 mV 
< RB, 5, due to the current density differences (0.026*1n (5 
mA/1 mA)} through the Q1, Q2/Q3, Q4 pairs. 


in order to calculate the value of R7 it is necessary to first 
estimate the forward base to emitter voltage drop (Vfn,p) of 
the transistors used, the Vo, drop of dp, and the Voy drop 


of pr’s under 1 mA loads. (fp’s Vo, < 0.1V and ¢r;s Vox 


< 0.1V.) 


Knowing these parameters along with the desired current 
allow us to design a simple external charge pump. Separat- 
ing the pump up and pump down circuits facilitates the no- 
dal analysis and give the following equations. 


Vas= Vee 1n( sous) 
Py = 'p max 


lsource 


Vrs — Vre tn( 04.) 
Ro = In max 
<7. 
sink 
(Bp + 
Rs = Vrs ® (Bp + 1) 


ip max ® (Bp + 1) — isource 
Vas * (Bn + 1) 
ip max ® (Bn + 1) — isink 
(Vp — Vvotép) — (Vas + Vip) 
ip max 
_ (Vp — Wou¢r) — (Vrs + Vin) 


Imax 


Rg = 


R7 
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EXAMPLE 
Typical Device Parameters 
Typical System Parameters 


Bn =100, Bp = 50 
Vp = 5.0V; 


Venti = 0.5V = 4.5V: . 
Vop = 0.0V, Vor = 5,0V 


Design Parameters ISINK = 


IsouRCE = 5.0 mA; 


Vin = Vip = 0.8V 


Irmax = 


Vrs = Vrs = 0.3V 
VoL¢p = 


VoHor = 100 mV 


Loo 


FIGURE 9 


Therefore select 
Re hes 5mA 

7 0.3V © (50 + 1) 

~ 4.0 mA ¢ (50 + 1) — 5.0 mA 

_ 0.3V © (100 — 1) 

~ 4.0mA (100 + 1) — 5.0mA 


Rs 
Rg 


ne a 1.0mA 





_ 0.3V — 0.026 ¢ 1n(5.0 mA/1.0 mA) 


_ (5V — 0.1V) — (0.3V + 0.8V) 


TL/W/12340-46 


= $1.60 


= 332 


= 315.60 


= 3.8kN 
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~ LMX2314/LMX2315 


AY vationat Semiconductor 


LMX2314/LMX2315 PLLatinum™. 
1.2 GHz Frequency Synthesizer 
for RF Personal Communications. 


General Description 

The LMX2314 and the LMX2315 are high performance fre- 
quency synthesizers with integrated prescalers designed for 
RF operation up to 1.2 GHz. They are fabricated using Na- 
tional’s ABiC IV BICMOS process. 

The LMX2314 and the LMX2315 contain dual modulus pre- 
scalers which can select either a 64/65 or a 128/129 divide 
ratio at input frequencies of up to 1.2 GHz. Using a proprie- 
tary digital phase locked loop technique, the LMX2314/15’s 
linear phase detector characteristics can generate very sta- 
ble, low noise local oscillator signals. 

Serial data .is* transferred into the LMX2314 and the 
LMX2315 via a three line MICROWIRE™ interface (Data, 
Enable, Clock). Supply voltage can range from 2.7V to 5.5V. 
The LMX2314 and the LMX2315 feature very low current 
consumption, typically 6 mA at 3V. 

The LMX2314 is available in a JEDEC 16- -pin ee mount 
plastic package. The LMX2315 is available in a TSSOP 
20-pin surface mount plastic package. 


Block Diagram 


OSG 


14-BIT 
R COUNTER 


19-BIT 
DATA REGISTER 


PRESCALER i 
18-BiT 
64/65 OR N COUNTER 


128/129 


1-BIT 
S LATCH 


Features 
m FF operation up to 1.2 GHz 
m 2.7V to 5.5V operation = 
m Low current consumption: 
Ioc = 6 mA (typ) at Voc = 3V_ 
Dual modulus prescaler:, 64/65 or 128/ 129 
Internal balanced, low leakage charge pump 
Power down feature for sleep mode: 
Ioc = 30 pA (typ).at Veg = 3V > 
Small-outline, plastic, - surface mount. JEDEC, 0. 450" 
wide, (2314) or TSSOP, 0.173” wide, (2315) package . 


Applications 
@ Cellular telephone systems ~ 
(GSM, |S-54,:1S-95, RCR-27) - 
@ Portable wireless communications 
(DECT, ISM902-928 CT-2) 
m@ Other wireless communication systems - ' 


CHARGE | 
PUMP 


TL/W/11766-1 
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Connection Diagrams 
LMX2314 LMX2315 


Top View 


O 
GLECXWT/PLECXWT 


TOP VIEW 


oon On Oo e WH NH 


| TUW/M 1766-2 
JEDEC 16-Lead (0.150” Wide) Small 
Outline Molded Package (M) . 
Order Number LMX2314M or LMX2314MX 20-Lead (0.173” Wide) Thin Shrink 
See NS Package Number M16A Small Outline Package (TM) 


Order Number LMX2315TM or LMX2315TMX 
~ See NS Package Number MTC20 


_ 
oO 


TL/W/11766-3 


Pin Descriptions 


PinNo. | PinNo. | PinName | -_ : 
Description 
2314 —2018_| 2314/2315 a 


Oscillator input. A CMOS inverting gate input intended for connection to a crystal 
resonator for operation as an oscillator. The input has a Voc/2 input threshold and 
can be driven from an external CMOS or TTL logic gate. May also be used as a 
buffer for an externally provided reference oscillator. 


Oscillator output. 
Power supply for charge pump. Must be = Vcc. 


Power supply voltage input. Input may range from 2.7V to 5.5V. Bypass capacitors 
should be placed as close as possible to this pin and be connected directly to the 
ground plane. 


Internal charge pump output. For connection to a loop filter for driving the input of 
an external VCO. 

Ground. ; 

Lock detect. Output provided to indicate when the VCO frequency is in “lock”. 
When the loop is locked, the pin’s output is HIGH with narrow low pulses. 
Prescaler input. Small signal input from the VCO. 

High impedance CMOS Clock input. Data is clocked in on the rising edge, into the 
various counters and registers. 

Binary serial data input. Data entered MgB first. LSBi is control bit. High impedance 
CMOS input. 


Load enable input (with internal pull-up resistor). When LE transitions HIGH, data 
Stored in the shift registers is loaded into the appropriate latch (control bit 
dependent). Clock must be low when LE toggles high or low. See Serial Data Input 
Timing Diagram. 


Phase control select (with internal pull-up resistor). When FC is LOW, the polarity of 
the phase comparator and charge pump combination is reversed. 

Analog switch output. When LE is HIGH, the analog switch is ON, routing the 
internal charge pump output through BISW (as well as through Do). 

Monitor pin of phase comparator input. CMOS output. 

Output for external charge pump. ¢p is an open drain N-channel transistor and 
requires a pull-up resistor. 


Power Down (with internal pull-up resistor). 

PWDN = HIGH for normal operation. 

PWDN = LOW for power saving. 

Power down function is gated by the return of the charge pump to a TRI-STATE 
condition. 


Output for external charge pump. ¢, is a CMOS logic output. 
No connect. 
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LMX2314/LMX2315 


Functional Block Diagram 


PHASE b, 


COMPARATOR 
PROGRAMMABLE 14-BiT PWDN 
CRYSTAL REFERENCE (Note 1) 
OSCILLATOR . (R) - 14/18 
COUNTER DIVIDER 
OUTPUT 
F 


(fr/tp) 
a el 


ii 19-BIT SHIFT REGISTER 


7-BIT LATCH 11-BIT LATCH 


BINARY 7-BIT BINARY 11-BiT 


PRESCALER aca i 


(64/65 OR 
128/128) COUNTER 


ANALOG 
SWITCH 





SWALLOW CONTROL 


LMX2314 Pin # ae 7 LMX2315 Pin # 


8/10 
Pin Name ——> fin 


X signifies a function not bonded out to a pin 


TL/W/11766-4 


Note 1: The power down function is gated by the charge pump to prevent any unwanted frequency jumps. Once the power down pin is brought low the part will go 
into power down mode when the charge pump reaches a TRI-STATE condition. 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 


please contact the National Semiconductor Sales 


Office/Distributors for availability and specifications. 


Power Supply Voltage 
Voc —0.3V to +6.5V 
Vp —0.3V to +6.5V 


Voltage on Any Pin 

with GND = OV (V)) 
Storage Temperature Range (Ts) 
Lead Temperature (T,) (solder, 4 sec.) 


—0.3V to +6.5V 
—65°C to + 150°C 
+ 260°C 


Recommended Operating 


Conditions 


Power Supply Voltage . 
Voc , 2.7V to 5.5V 
Vp Voc to + 5.5V 


Operating Temperature (Ta) - —-40°C to + 85°C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to 
the device may occur. Operating Ratings indicate conditions for which the 
device is intended to be functional, but do not guarantee specific perform- 
ance limits. For guaranteed specifications and test conditions, see the Elec- 
trical Characteristics. The guaranteed specifications apply only for the test 
conditions fisted. _ : 


Electrical Characteristics Voc = 5.0V, Vp = 5.0V; —40°C < Ta < 85°C, except as specified 


Symbol 


Ioc Power Supply Current 


Icc-PWON Power Down Current 


fin Maximum Operating Frequency 


fosc Maximum Oscillator Frequency 


fg Maximum Phase Detector Frequency 


Pfin Input Sensitivity 


7 Tveo=arviosay | = [| 


Units 
mA 
mA 
pA 
pA 


fos) 
oO 


+6 
6 


Tveo=saviosev | - | | +6 | 


Vosc 
Vin 


| OscilatorSensitvity | SCm | TT 
| High-Level nputVotage | #7 | | 


| Low-LovelinputVolage | #8 


High-Level Input Current (Clock, Data) Vin = Voc = 5.5V 


lea ae eae 


Low-Level Input Current (Clock, Data) Vit = OV, Voc = 5.5V | -10 | | 40 | 


Oscillator input Current 


Vin = Voc = 5.5V 


| | t00 


High-Level Input Current (LE, FC) Vn=Vec=55V | -10 | | 10 
Low-Level Input Current (LE, FC) ViL=0V,Vec=5.5V | -100 | [| 10 | 


“Except finj and OSC, 
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LMX2314/LMX2315 


Electrical Characteristics Vcc = 5.0V, Vp = 5.0V; —40°C < Ta <85°C, except as rented (Continued) » 


IDo-source Charge Pump Output Current VDy = Vp/2 ees ma 
iDo-sink Voy = Ve/2 a ee 


IDo-Tri Charge Pump TRI-STATE® Current 0.5V < Vp, < Vp — 0.5V 25 nA 
T = 85°C ° 
IDg VS VDy Charge Pump Output Current 0.5V < Vp, < Vp — 0.5V 
Magnitude Variation vs Voltage T=25C |. 
(Note 1) 


IDo-sink VS Charge Pump Output Current 
IDp-source Sink vs Source Mismatch 
(Note 2) 


IDgvs T Charge Pump Output Current ra <T < 85°C 
Magnitude Variation vs Temperature = Vp/2 
iced 3) 





o}| {9° 
- > 


8 


tow. Clock Pulse Width Low See Data Input Timing 
tes ‘Clock to Enable Set Up Time See Data Input Timing 
tew Enable Pulse Width See Data Input Timing 


**Except OSCour 
Notes 1, 2, 3: See related equations in Charge Pump Current Specification Definitions 
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Typical Performance Characteristics 


CURRENT (mA) 


% VARIATION 


loc VS Vcc 


TL/W/11766-29 


Charge Pump Current vs Dy Voltage 
ed a ee ee ee 
a es aS a ee ee 


APTA LT TTT esi 
aie 
‘ace 

alee ee | 


-5 eee cs EE? ES — 


—_ 
a ee a 
er a al ea eee 
0 1 2 5 

Dg VOLTAGE (V) 


V4 


TL/W/11766-31 


Charge Pump Current Variation 


1.25 1.5 1.75 2 2.25 2.5 
VOLTAGE OFFSET (V) 


TL/W/11766-33 
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CURRENT (mA) 


SENSITIVITY (dBm) 





Ip, TRI-STATE vs Do Voltage 


Do VOLTAGE (V) 
TL/W/11766-30 


Charge Pump Current vs Do Voltage 

[——————— 

(ee re ae 

Y | | pez ea Sov | 

aoe aed 9 ee a) a 

he ep epee een ly 
| _ —_— rr E 


92d 
ee ee eS ee 


Do VOLTAGE (V) 
TL/W/11766-32 


Oscillator Input Sensitivity 


SENSITIVITY (Vpp) 


Penal at sp 
REN ERAREG 


20 25 30 35 40 45 50 


FREQUENCY (MHz) 
TL/W/11766-34 
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LMX2314/LMX2315 


Typical Performance Characteristics (continued) | 


Input Sensitivity vs Frequency 


het [| | 


Vec = soy Vee =4.5V 


a ee 
Nb 
ee eee 
i as 
00 500 700 900 1100 1300 1500 


FREQUENCY (MHz) 
TL/W/11766-35 


input Sensitivity at Temperature 
Variation, Vcc = 5V 


900 1100 1300 1500 


FREQUENCY (MHz) 
TL/W/11766-37 


LMX2314 Input Impedance vs Frequency 
Voc = 2.7V to 5.5V, fi = 100 MHz to 1,600 MHz 


TL/W/11766-40 


Marker 1 = 500 MHz, Real = 67, Imag. = —317 
Marker 2 = 900 MHz, Real = 24, Imag. = —150 
Marker 3 = 1 GHz, Real = 19, Imag. = —126 

Marker 4 = 1,500 MHz, Real = 9, Imag. = —63 


Input Sensitivity vs Frequency 


1300 1500 
- FREQUENCY (MHz) 
TL/W/11766-36 


Input Sensitivity at Temperature 
Variation, Voc = 3V , 


900 1100 1300 1500 


FREQUENCY (MHz) 
TL/W/11766-38 


LMX2315 Input Impedance vs Frequency 
Voc = 2.7V to 5.5V, fin = 100 MHz to 1,600 MHz 


TL/W/11766-39 


Marker 1 = 500 MHz, Rea! = 69, Imag. = —330 
Marker 2 = 900 MHz, Real = 36, Imag. = —193 
Marker 3 = 1 GHz, Real = 35, Imag. = —172 
Marker 4 = 1,500 MHz, Real = 30, Imag. = —106 





Charge Pump Current Specification Definitions 


SLECXWT1/PLECXW1 


VOLTAGE 
OFFSET 
AV 


Current (mA) 


Dg Voltage 


; TL/W/11766-41 
= CP sink current at Vp, = Vp — AV [4 = CP source current at Vp, = Vp — AV 

= CP sink current at Vp, = Vp/2 _ 15 = CP source current at Vp, = Vp/2 
13 = CP sink current at Vp, = AV I6 = CP source current at Vp, = AV 


AV = Voltage offset from positive and negative rails. Dependent on VCO tuning range relative to Voc and ground. Typical values are between 0.5V and 1.0V. 


1. ID, vs Vo = Charge Pump Output Current magnitude variation vs Voltage = 
[% * lla] — [IS[1/04 * Cl] + [13}}} * 100% and [Y% * ]l4] — llel]/[% * {[l4] + [I6]}] * 100% 
2. IDo-sink YS 'Do-source = Charge Pump Output Current Sink vs Source Mismatch = 
(lt2] - [sill * (lal + [15]}] * 100% 
3. log vs Ta = Charge Pump Output Current magnitude variation vs Temperature = 
[|l2 @ temp] — |I2 @ 25°C|]/|12 @ 25°C| * 100% and [|I5 @ temp| — |I5 @ 25°C|}/|I5 @ 25°C| * 100% 
4. Ko = Phase detector/charge pump gain constant = 
Y,* ((l2] + [15)} 





RF Sensitivity Test Block Diagram 


13dB ATTN 
LMX2314/15 


Evaluation Board . : . RF 500 


SMHU 835.8011.52 
Parallel : Signal Generator 
PC Port 


10 MHz EXT REF OUT 


HP5385A 
Frequency Counter 


2.7V~—>5.0V 


TL/W/11766-42 
Note 1:N = 10,000 R= 50 P = 64 


Note 2: Sensitivity limit is reached when the error of the divided RF output, four, is greater than or equal to 1 Hz. 
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LMX2314/LMX2315 


Functional Description 


The simplified: block diagram below shows the 19-bit data register, the 14-bit R Counter and the S Latch, and the 18-bit 
N Counter (intermediate latches are not shown). The data stream is clocked (on the rising edge) into the DATA input, MSB first. 
If the Control Bit (last bit input) is HIGH, the DATA is transferred into the R Counter (programmable reference divider) and the 
S Latch (prescaler select: 64/65 or 128/129). If the Control Bit (LSB) is LOW, the DATA is transferred into the N Counter 
(programmable divider). 


»  OSGy 14-BIT 
oe R COUNTER 


CHARGE 
PUMP 
PRESCALER ; 


64/65 OR 
128/129 


TL/W/11766-5 
PROGRAMMABLE REFERENCE DIVIDER (R COUNTER) AND PRESCALER SELECT (S LATCH) 
If the Control Bit (last bit shifted into the Data Register) is HIGH, data is transferred from the 19-bit shift register into a 14-bit 


latch (which sets the 14-bit R Counter) and the 1-bit S Latch (S15, which sets the prescaler: 64/65 or 128/129). Serial data 
format is shown below. 


fe Control bit (LSB) Divide ratio of prescaler control bit (MSB) ‘a 


c Ss S 
7 14 


|-__— Divide ratio of the programmable reference divider ——_ . 


TL/W/11766-6 


14-BIT PROGRAMMABLE REFERENCE DIVIDER RATIO 1-BIT PRESCALER SELECT 
(R COUNTER) (S LATCH) 


Prescaler 
Select 
Pp 


| tae/i29 | 0 
| ewes | | 


jreses| ttt td da tatatefstatyidatay 


Notes: Divide ratios less than 3 are prohibited. 
Divide ratio: 3 to 16383 
$1.to $14: These bits select the divide ratio of the programmable 
reference divider, 
C: Control bit (set to HIGH level to load R counter and S Latch) 
Data is shifted in MSB first. . 
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Functional Description (continued) 


PROGRAMMABLE DIVIDER (N COUNTER) 


The N counter consists of the 7-bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Gsiwol 
Bit (last bit shifted into the Data Register) is LOW, data is transferred from the 19-bit shift register into a 7-bit latch (which sets 
the 7-bit Swallow (A) Counter) and an 11-bit latch (which sets the 11-bit programmable (B) Counter). Serial data format is shown 


below. 
r Control bit (se) NSB 7 
c s S S 
7 14 “AT 


oo Divide ratio of swallow —_{|—__—— Divide ratio of programmable —+ 


counter nter 
re TL/W/11766-7 


Note: S8 to S18: Programmable counter divide ratio control bits (3 to 2047) 


7-BIT SWALLOW COUNTER DIVIDE RATIO 11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 
(A COUNTER) (B COUNTER) 


Divide 
a 


EER ED ESRD EDEREDEAENEIE 


Note: Divide ratio: 0 to 127 Note: Divide ratio: 3 to 2047 (Divide ratios less than 3 are prohibited) 
B2A B2A 
PULSE SWALLOW FUNCTION 
fyco = [(P x B) + Al X fosc/R 
fyco: Output frequency of external voltage controlled oscil- 
lator (VCO) 
Preset divide ratio of binary 11-bit Programmable 
. counter (3 to 2047) .. 
Preset divide ratio of binary 7-bit swallow counter 
(0 <A< 127,A < B) 
: Output frequency of the external reference frequency 
oscillator 
Preset divide ratio of binary 14-bit programmable ref- 
‘erence counter (3 to 16383) 
Preset: modulus of dual modulus prescaler (64 or 
128) 
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LMX2314/LMX2315 


Functional Description (continued) 
SERIAL DATA INPUT TIMING 


DATA N18: MSB — NT)K CONTROL BIT: LSB 


(R15: MSB) (R6) (R1) CONTROL BIT: LSB 


TL/W/11766-8 
Notes: Parenthesis data indicates programmable reference divider data. 
‘Data shifted into register on clock rising edge. 
Data is shifted in MSB first. 


Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Vcc/2. The test waveform has an edge rate of 0.6 V/ns with 
amplitudes of 2.2V @ Voc = 2.7V and 2.6V @ Voc = 5.5V. 


Phase Characteristics | 

in‘normal operation, the FC pin is used to reverse the polari- VCO Characteristics 

ty of.the phase detector. Both the internal and any external . 

charge pump are affected. 

Depending upon VCO characteristics, FC en should be set 

accordingly: vco 
When VCO characteristics are like (1), FC should be set OUTPUT 
HIGH or OPEN CIRCUIT; PREGUENCY 
When VCO characteristics are like (2), FC should be set 
LOW. 

When FC is set HIGH or OPEN CIRCUIT, the monitor pin of VCO INPUT VOLTAGE 

the phase comparator input, fout, is set to the reference TL/W/11766-9 

divider output, f,. When FC is set LOW, four is set to the 

programmable divider output, ‘ 





PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS 


{> f t p f, < fy 
TL/W/11766-10 
Notes: Phase difference detection range: —27 to +27 
The minimum width pump up and pump down current pulses occur at the Dy pin when the loop is locked. 


FC = HIGH 
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Analog Switch (2315 only) 


The analog switch is useful for radio systems that utilize a frequency scanning mode and a narrow band mode. The purpose of 
tie analog switch is to decrease the loop filter time constant, allowing the VCO to adjust to its new frequency in a shorter 
amount of time. This is achieved by adding another filter stage in parallel. The output of the charge pump is normally through the 
Do pin, but when LE is set HIGH, the charge pump output also becomes available at BISW. A typical circuit is shown below. The 
second filter stage (LPF-2) is effective only when the switch is closed (in the scanning mode). 


CHARGE PUMP 


ANALOG SWITCH 


CONTROL SIGNAL : LE 


Typical Crystal Oscillator Circuit 


A typical circuit which can be used to implement a crystal 
oscillator is shown below. 


OSCy — OSCoyp 


tee 
TT 


TL/W/11766-12 


1-33 


TL/W/11766~11 


Typical Lock Detect Circuit 


A lock detect circuit is needed in order to provide a steady 
LOW signal when the PLL is in the locked state. A typical 
circuit is shown below. 


MMBT200 


LOCK 
DETECT 


TL/W/11766-13 
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LMX2314/LMX2315 


Typical Application Example 


External Charge 
Pump Circuit 
(optional, see text) 


FROM 
CONTROLLER 


four |eisw | Fc DATA | NC 
16/20 15/19 14/18 13/17 X/16 12/15 11/14 10/13 X/12 9/11 


LMX2314/2315 


xX/2 2/3 3/4 4/5 x/9 


OSGy FNC OSCoyy 
1000p Vp 


oes 


510 100p} O.1n]) 0.12] 100p 


LOCK DETECT 
———” =CRYSTAL OSC. uy ce CIRCUIT 
= INPUT (SEE TEXT) 


C1 R2 
C2 
ii = 


Operational! Notes: 

* VCO is assumed AC coupled. 
Rin increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 1029 to 2002 depending on the VCO power 
level. fy RF impedance ranges from 402 to 1002. 

502 termination is often used on test boards to allow use of external reference oscillator. For most typical products a CMOS clock is used and no terminating 
resistor is required. OSC may be AC or DC coupled. AC coupling is recommended because the input circuit provides its own bias. (See Figure below) 
100ka 


TL/W/11766-14 


SCout 


TL/W/11766-15 
Proper use of grounds and bypass capacitors is essential to achieve a high level of performance. 
Crosstalk between pins can be reduced by careful board layout. 
This is a static sensitive device. It should be handled only at static free work stations. 
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Application Information 


LOOP FILTER DESIGN 
A block diagram of the basic phase locked loop is shown. 


PHASE 
DETECTOR 


REFERENCE 


CRYSTAL DIVIDER 


REFERENCE 


2 * reference 
| Frequency frequency 
| Synthesizer ! 

rs 


TL/W/11766-16 


FIGURE 1. Basic Charge Pump Phase Locked Loop 


An example of a passive loop filter configuration, including 
the transfer function of the loop filter, is shown in Figure 2. 


R2 


aE 


s(C2¢R2) + 1 
s2 (C1 °C2¢R2) + sC1 + sC2 
FIGURE 2. 2nd Order Passive Filter 


Define the time constants which determine the pole and 
zero frequencies of the filter transfer function by letting 


T2 = R2¢C2 
and 


“L 


TL/W/11766-17 


Z(s) = 


(1a) 


m Ci¢C2 
C1 + C2 (1b) 


The PLL linear model control circuit is shown along with the 
open loop transfer function in Figure 3. Using the phase 
detector and VCO gain constants [K@ and Kyco] and the 
loop filter transfer function [Z(s)], the open loop Bode plot 
can be calculated. The loop bandwidth is shown on the 
Bode plot (wp) as the point of unity gain. The phase margin 
is shown to be the difference between the phase at the unity 
gain point and — 180°. 


T1 = R2 





TL/W/11766-18 


Open Loop Gain = 6;/84 = H(s) G(s) 
= Kd Z(s) Kyco/Ns 
Closed Loop Gain = 69/6; = G(s)/[1 + H(s) G(s)] 
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Phase 
< G(s) H(s) 


Gain 


|6(s) H(s)| 


0 dB 


AN 


Frequency 


-180 


TL/W/11766-19 
FIGURE 3. Open Loop Transfer Function 


Thus we can calculate the 3rd order PLL Open Loop Gain in 
terms of frequency 


_ XK *Kyco (1 + jo #72) 71 
w2C1¢eN(1-+ joeT1) T2 (2) 
From equation 2 we can see that the phase term will be 
dependent on the single pole and zero such that 
$(w) = tan—1 (wm © T2) — tan—1(w © T1) + 180° (3) 
By setting 


G(s) * H(s)ls = jew 


= CC - 0 
1+(weT2)2 1+ (weT1)2 

we find the frequency point corresponding to the phase in- 
flection point in terms of the filter time constants T1 and T2. 
This relationship is given in equation 5. 

Wp = 1/\T2¢T1 (5) 
For the loop to be stable the unity gain point must occur 
before the phase reaches —180 degrees. We therefore 
want the phase margin to be at a maximum when the magni- 
tude of the open loop gain equals 1. Equation 2 then gives 


C1 = Kd ¢ Kyco ® mit (1+ i®p e 12) 


@p2eNeT2 (1 + jap T1) (6) 
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Application Information (Continued 


Therefore, if we specify the loop bandwidth, wp, and the 
phase margin, $p, Equations 1 through 6 allow us to calcu- 
late the two time constants, T1 and T2, as shown in equa- 
tions 7 and 8. A common rule of thumb is to bean your 
design with a 45° phase margin. 


1 = SeChp — tangy 

Wp (7) 
ee 
Op? eT1 (8) 
From the time constants T1, and T2, and the loop band- 


width, ®p, the values for C1, R2, and C2 are obtained in 
equations 9 to 11. 


cr = lt KbeKvco [iF (ope? 
T2 wp2@N V1 + (wp 71)? (9) 
T2 
C2=Ctle (= act 1) 
T2 
G2 (11) 
Voltage Controlled Oscillator (VCO) 


Tuning Voltage constant. The fre- 
quency vs voltage tuning ratio. 

Phase detector/charge pump gain 
constant. The ratio of the current out- 
put to the input phase differential. 

N Main divider ratio. Equal to RFopt/fret 
RF opt (MHz) Radio Frequency output of the VCO at 
which the loop filter is optimized. 
Frequency of the phase detector in- 
puts. Usually equivalent to the RF 
channel spacing. 


T2= 


(10) 
R2 = 
Kyco (MHz/V) 


K¢ (mA) 


fret (KHz) 


ee 
~ @e2 © (T1 + T3) 


__tanpe (11 + T3) (T1 a T3) 
~ [1 + 73)2 + T1°T3) + T3)2 + T1¢T3) 
M1 - Kd ® Kyco ; (1 + wo? © T22) 


C1 = 
T2 = ade2@ ON 


In choosing the loop filter components a trade off must be 
made between lock time, noise, stability, and reference 


_ spurs. The greater the loop bandwidth the faster the lock 


F + We2 © T12) (1 + aoe 
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time will be, but a large loop bandwidth could result in higher 
reference spurs. Wider loop bandwidths generally improve 
close in phase noise but may increase integrated phase 
noise depending on the reference input, VCO and division 
ratios used. The reference spurs can be reduced by reduc- 
ing the loop bandwidth or by adding more low pass filter 
stages but the lock time will increase and stability will de- 
crease as a result. 


THIRD ORDER FILTER 


A low pass filter section may be needed for some applica- 
tions that require additional rejection of the reference side- 
bands, or spurs. This configuration is given in Figure 4. In 
order to compensate for the added low pass section, the 
component values are recalculated using the new open 
loop unity gain frequency. The degradation of phase margin 
caused by the added low pass is then mitigated by slightly 
increasing C1 and C2 while slightly decreasing R2. 


The added attenuation from the low pass filter is: 
ATTEN = 20 log[(27rf,e¢ ® R3 © C3)2 + 1] 
Defining the additional time constant as 
T3 = R3eC3 (13) 
Then in terms of the attenuation of the reference spurs add- 
ed by the low pass pole we have 


ATTEN/20 — 
13 =. {10 1 
(27 © fret)? 
We then use the calculated value for loop bandwidth we in 
equation 11, to determine the loop filter component values 


in equations 15-17. we is slightly less than wp, therefore 
the frequency jump lock time will increase. 


(12) 


(14) 


[i+ ge SNES) Co ae 
\ [tan © (T1 + T3)]2 





Application Information (continuea) 


Consider the following application example: 
Example #1 

Kyco = 20 MHz/V 

Kd = 5 mA (Note 1) 

RFopt = 900 MHz 

Fret = 200 kHz 

N = RF opt/fret = 4500 

Wp = 2m * 20 kHz = 1.25665 

bp = 45° 

ATTEN = 20dB 


GLECXINT/PLECXINT 


Ti= Sechp — tandp _ 3.29e—6 
p 


10120720) — 4 
13 = oy aes = 2.387e-6 
(2m © 20003)2 e 


(3.29e—6 + 2.387e—6) 


c ~ [(3.29e—6 + 2.387e—6)2 + 3.29e—6 © 2.3876—6] 





(3.29e—6 + 2.387e—6)2 + 3.29e-6 °2.387e-6 _ i| 
[(3.29e—6 + 2.387e—6)]2 

= 7.04564 

Bip St aco ee 
(7.045e4)2 e (3.29e—6 + 2.387e—6) 

_ 3290-6 (5e—3)* 2006. [1 + (7.04564)2 e (3.549e—5)2] Vp 
3.549e—5 (7.045e4)2¢ 4500 L[1 + (7.045e4)2 e (3.29e—6)2] [1 + -(7.045e4)2 ¢ (2.387e—6)2} 

= 1,085 nF 


T2 = 3.549e—5 


C1 


3.55e—5 
3.296e—6 


C2 = 1.085 nF « ( 


- 1) = 10.6 nF; 


_ 3,55e—5 


Ae = 1060-9 


= 3.35 kN; 
2.34e—6 
2263 
Converting to standard component values gives the follow- 
ing filter values, which are shown in Figure 4. 
C1 = 1000 pF 


3.3k 
R2 = 3.3kn . 
C2 = 10 nF ale 10 nF ae 
R3 = 22kn = L = 
C3 = 100 pF = 


Note 1: See related equation for Kd in Charge Pump Current Specification 
Definitions. For this example Vp = 5.0V. The value of Ké can then FIGURE 4. ~ 20 kHz Loop Filter 
be approximated using the curves in the Typical Peformance Char- 
acteristics for Charge Pump Current vs. Do Voltage. The units for 
K¢ are in mA. You may also use Kp = (5 mA/2z7 rad), but in this 
case you must convert Kyco to (rad/V) multiplying by 277. 


if we choose R3 = 22k; then C3 = = 106 pF. 





22k 


TL/W/11766-20 
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Application Information (Continued) 


MEASUREMENT RESULTS 


MKR 200. OkHz 
REF -0.9dBm ATTEN 1 0dB -74.7 0dB 


Pisa es 
2o0.okHz| [|| | | | 
~74.7 0 dB rT | 


aie 
woayet tt eM Tt 
i a's 


PREC eeSRae 
| eet | | | 
ae eee 
fate Tage eS a 


CENTER 9 00. 000MHz SPAN 5 00 kHz 
RES BW 1 OkHz VBW 3 OkHz SWP 30. O msec 
TL/W/11766-21 
FIGURE 5. PLL Reference Spurs 
The reference spurious level is < —74 dBc, due to the loop 
filter attenuation and the low spurious noise level of the 
LMX2315. 


SAMPLE | MARKER 


ee MKR 10. OkHz 
REF -0.9dBm ATTEN 1 OdB -50.6 0 dB 


SAMPLE | MARKER 
10. OkHz 
-50.6 0 di 


ea 

ene 
pee ee Joel hehe Ley 
eet ats he Gt] chic 
ae eM Slee Site Sal 


nace 


CENTER 9 00. 000MHz 
RES BW 1 kHz VBW 3kHz - 


SPAN 1 00 kHz 
SWP 3 00 msec 
2 TL/W/11766-23 
FIGURE 6. PLL Phase Noise 10 kHz Offset 


The phase noise level at 10 kHz offset is -80 dBc/Hz. 


MKR 1. 00 kHz 
REF -0.7dBm ATTEN 1:0dB. ~59.6 0dB 


roas/| | | | TAT TT 
L | tt 


MARKER 
SAMP 
mite 1. 00 kHz 


-59.6 0 dB 


CENTER 9 00. 000 OMHz° 
RES BW 1 OO Hz VBW 3 00Hz 


. SPAN 1 0. OkHz 
 SWP 3. 00sec 
TL/W/11766-22 
FIGURE 7. PLL Phase Noise @ 1 kHz Offset 


The phase noise level at 1 kHz offset is —79.5 dBe/Hz. 


915.002500 MHz 


915.000000 MHz 


914.997500 MHz 


-500 us 2.000ms 4.500ms 


_ 500.0 us/div 
Q502 ys 


“TL/W/11766-24 
FIGURE 8. Frequency sian Lock Time 

Of concern in any PLL loop filter design is the time it takes 
to lock in to a new frequency when switching channels. Fig- 
ure 8 shows the switching waveforms for a frequency jump 
of 865 MHz to 915 MHz. By narrowing the frequency span 
of the HP53310A Modulation Domain Analyzer enables 
evaluation of the frequency lock time to within +500 Hz. 
The lock time is seen to be less than 500 ys for a frequency 
jump of 50 MHz. 


1724.4 bs 3 478 ys. 





Application Information (continues) 
EXTERNAL CHARGE PUMP 


The LMX PLLatimum series of frequency synthesizers are 
equipped with an internal balanced charge pump as well as 
outputs for driving an external charge pump. Although the 
superior performance of NSC’s on board charge pump elim- 
inates the need for an external charge pump in most appli- 
cations, certain system requirements are more stringent. In 
these cases, using an external charge pump allows the de- 
signer to take direct control of such parameters as charge 
pump voltage swing, current magnitude, TRI-STATE leak 
age, and temperature compensation. 


One possible architecture for an external ee pump cur- 
rent source is shown in Figure 9. The signals dp and ¢y in 
the diagram, correspond to the phase detector outputs of 
the LMX2314/2315 frequency synthesizers. These logic 
signals are converted into current pulses, using the circuitry 
shown in Figure 9, to enable either charging or discharging 
of the loop filter components to control the output frequency 
of the PLL. 


Referring to Figure 9, the design goal is to generate a5 mA . 
current which is relatively constant to within 5V of the power ' 


supply rail. To accomplish this, it is important to establish as 


large of a voltage drop across RS, R8 as possible without © 


saturating Q2, Q4. A voltage of approximately 300 mV pro- 
vides a good compromise. This allows the current source 
reference being generated to be relatively repeatable in the 
absence of good Q1, Q2/Q3, Q4 matching. (Matched tran- 
sistor pairs is recommended.) The dp and ¢r outputs are 
rated for a maximum output load current of 1 mA while 5 mA 
current sources are desired. The voltages developed across 
R4, 9 will consequently be approximately 258 mV, or 
42 mV < R8, 5, due to the current density differences 
{0.026"1n (5 mA/1 mA)} through the Q1, Q2/Q3, Q4 pairs. 
In order to calculate the value of R7 it is necessary to first 
estimate the forward base to emitter voltage drop (Vfn,p) of 
the transistors used, the Vo. drop of dp, and the Voy drop 
of dr’s under 1 mA loads. (p’s Voy < 0.1V and Les 
Vou < 0.1V.) 

Knowing these parameters along with the desired current 
allow us to design a simple external charge pump. Separat- 
ing the pump up and pump down circuits facilitates the no- 
dal analysis and give the following equations. 


i 
Vas -Vre inf source) 
Ra = 'p max 


‘source 


Vrs — Vre n(n. lsink ) 
Bo in max 
a © 
sink 
Vrs ® (Bp + 1) 
ip max ® (Bp + 1) — isource 
Vrs * (Bn + 1) 
irmax ® (Bn + 1) isink 
(Vp — Vvotdp) — (Vas + Vip) 
ip max 
(Vp — Wouer) — (Vrs + Vin) 


Imax 


Rs = 


Rg = 


Reg = 


R7 = 
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EXAMPLE 
Typical Device Parameters 
Typical System Parameters 


Design Parameters 


Vp = 5.0V; 


Vent! = 0.5V =: 4.5V; 


Véop = 0.0V; Vor = 5.0V 


Vin = Vip = 0.8V 


Inmax = 
Vrs = Vrs = 0.3V 


‘ISINK = lsouRCE = 5.0 mA; - 


Votop = VoHdr = 100 mV 


* Loo : 
Fi iiter 





FIGURE 9 


Therefore select 


Ry 


Ps = TomAe (60 + 1)—5.0mA 


. Re= 


Reg = 


Rg = 


‘1.0 mA © (100 + 1) — 5.0mA 


R7 = 


0.3V — 0.026 © 1n(5.0 mA/1.0 mA) 


5mA 


0.3V © (50 + 1) staat 


0.3V ¢ (100 — 1) = 315.60 


(5V — 0.1V) — (0.3V + 0.8V) 
1.0mA 


TL/W/11766-43 


= 51.60 


= 3.8 kn 
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A) rational Semiconductor 


LMX2301 


_ ADVANCE INFORMATION 


PLLatinum™ 160 MHz Frequency Synthesizer 
for RF Personal Communications | | 


General Description 

The LMX2301 is a high performance frequency synthesizer 
designed for RF operation up to 160 MHz. It is fabricated 
using National’s ABiC IV BiCMOS process. 

Using a proprietary digital phase locked loop technique, the 
LMX2301’s linear phase detector characteristics can gener- 
ate very stable, low noise local oscillator signals. 

Serial data is trar.sferred into the LMX2301 via a three line 
MICROWIRE™ interface (Data, Enable, Clock). Supply volt- 
age can range from 2.7V to 5.5V. 

The LMX2301 features very low current consumption, typi- 
cally 2 mA at 3V. 

The LMX2301 is available in a TSSOP 20-pin surface mount 
plastic package. 


Block Diagram 


14-BIT 
R COUNTER 


19-BIT 
DATA REGISTER 


Features 

mg FPF operation up to 160 MHz 

@ 2.7V to 5.5V operation 

m Low current consumption: 
loc = 2 mA (typ) at Voc = 3V 

g Internal balanced, low leakage charge pump 

= Thin Small-outline, plastic, surface mount 
TSSOP, 0.173” wide package 


Applications 

@ Analog Cellular telephone systems 
(AMPS, ETACS, NMT) 

m Portable wireless communications 
(PCS/PCN, cordless) 

m@ Other wireless communication systems 


TL/W/12458~1 
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LMX2305 : 


ADVANCE INFORMATION 


PLLatinum™ 550 MHz Frequency Synthesizer 
for RF Personal Communications 


General Description 


The LMX2305 is a high performance frequency synthesizer 
with an integrated prescaler designed for RF operation up to 
550 MHz. It is fabricated using National’s ABiC IV BiCMOS 
process. 

The LMX2305 contains a dual modulus prescaler which can 
select either a 64/65 or a 128/129 divide ratio at input fre- 
quencies of up to 550 MHz. Using a proprietary digital phase 
locked loop technique, the LMX2305'’s linear phase detec- 
tor characteristics can generate very stable, low noise local 
oscillator signals. 


Serial data is transferred into the LMX2305 via a three line 
MICROWIRE™ interface (Data, Enable, Clock). Supply volt- 
age can range from 2.65V to 5.5V. The LMX2305 features 
very low current consumption, typically 3.0 mA at 2.75V. 
The LMX2305 is available in a TSSOP 20-pin surface mount 
plastic package. 


Block Diagram 


PRESCALER : 


64/65 OR 
128/129 


Features 

@ RF operation up to 550 MHz 

@ 2.65V to 5.5V operation 

@ Low current consumption: 
loc = 3.0 mA (typ) at Voc = 2.75V 

m Dual modulus prescaler: 64/65 or 128/129 

@ Internal balanced, low leakage charge pump 

@ Small-outline, plastic, surface mount TSSOP, 0.173” 
wide package 


Applications 

@ Analog Cellular telephone systems 
(AMPS, ETACS, NMT) 

w Portable wireless communications 
(PCS/PCN, cordless) 

@ Wireless local area networks (WLANs) 

m@ Other wireless communication systems 


TL/W/12459~1 
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LMX2320/LMX2325 


AY vationat Semiconductor 


LMX2320/LMX2325 PLLatinum™ 


Frequency Synthesizer 


for RF Personal Communications 


LMX2325 2.5 GHz 
LMX2320 2.0 GHz 


General Description 

The LMX2320 and the LMX2325 are high performance fre- 
quency synthesizers with integrated prescalers designed for 
RF operation up to 2.5 GHz. They are fabricated pusne Na- 
tional’s ABiC IV BiCMOS process. 

A 64/65 or a 128/129 divide ratio can be selected for the 
LMX2320 RF synthesizer at input frequencies of up to 
2.0 GHz, while 32/33 and 64/65 divide ratios are available 
in the 2.5 GHz LMX2325. Using a proprietary digital phase 
locked loop technique, the LMX2320/25’s linear phase de- 
tector characteristics can generate very stable, low noise 
local oscillator signals. 

Serial data is transferred into the LMX2320 and the 
LMX2325 via a three line MICROWIRE™ interface (Data, 
Enable, Clock). Supply voltage can range from 2.7V to 5.5V. 
The LMX2320 and the LMX2325 feature very low current 
consumption, typically 10 mA and 11 mA respectively. 

The LMX2320 and the LMX2325 are available in a TSSOP 
20-pin surface mount plastic package. 


Block Diagram 


OSGy 


OSCoyr 


14-B1T 
R COUNTER 


19-BIT 
DATA REGISTER 
PRESCALER i 
32/33, 64/65 OR Teooth 


64/65, 128/129 Re COME 


S LATCH 


Features 

u RF operation up to 2.5 GHz 

@ 2.7V to 5.5V operation 

m@ Low current consumption 

w Dual module prescaler: 
LM2325 32/33 or 64/65 
LM2320 64/65 or 128/129 

@ Internal balanced, low leakage charge pump 

m Power down feature for sleep mode: 
Icc = 30 pA (typ) at Voc = 3V 

w Small-outline, plastic, surface mount TSSOP, 0.173” 
wide 


Applications 

@ Cellular telephone systems (RCR-27) 

m Portable wireless communications (DECT, PHS) 
@ CATV 

m Other wireless communication systems 


1-BIT 


CHARGE 
PUMP 


TL/W/12339-1 
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Connection Diagrams 
LMX2320/LMX2325 


° 


TOP VIEW 


- © On DOD WD FF Ww WD 


TL/W/12339-2 
20-Lead (0.173” Wide) Thin Shrink Small Outline Package (TM) 
Order Number LMX2325TM, LMX2325TMX, LMX2320TM or LMX2320TMX 
See NS Package Number MTC20 


Pin Descriptions 


Pin No. | Pin Name | 1/0 | Description 


Oscillator input. A CMOS inverting gate input intended for connection to a crystal resonator for 
operation as an oscillator. The input has a Vcc/2 input threshold and can be driven from an external 
CMOS or TTL logic gate. May also be used as a buffer for an externally provided reference oscillator. 


Oscillator output. 
Power supply for charge pump. Must be = Vcc. 


Power supply voltage input. Input may range from 2.7V to 5.5V. Bypass capacitors should be placed 
as close as possible to this pin and be connected directly to the ground plane. 


Internal charge pump output. For connection to a loop filter for driving the input of an external VCO. 
Ground. 


Lock detect. Output provided to indicate when the VCO frequency is in “lock”. When the loop is 
locked, the pin’s output is HIGH with narrow low pulses. 


Prescaler input. Small signal input from the VCO. 


High impedance CMOS Clock input. Data is clocked in on the rising edge, into the various counters 
and registers. 


Binary serial data input. Data entered MSB first. LSB is control bit. High impedance CMOS input. 


Load enable input (with internal pull-up resistor). When LE transitions HIGH, data stored in the shift 
registers is loaded into the appropriate latch (control bit dependent). Clock must be low when LE 
toggles high or low. See Serial Data Input Timing Diagram. 


Phase control select (with internal pull-up resistor). When FC is LOW, the polarity of the phase 
comparator and charge pump combination is reversed. 


Analog switch output. When LE is HIGH, the analog switch is ON, routing the internal charge pump 
output through BISW (as well as through Do). 


Monitor pin of phase comparator input. CMOS output. 


Output for external charge pump. ¢p is an open drain N-channel transistor and requires a pull-up 
resistor. 


Power Down (with internal pull-up resistor). 

PWDN = HIGH for normal operation. 

PWDN = LOW for power saving. 

Power down function is gated by the return of the charge pump to a TRI-STATE condition. 


Output for external charge pump. ¢,; is a CMOS logic output. 


2,9,12 Cele No connect. 
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LMX2320/LMX2325 


Functional Block Diagram 


PHASE $y 
COMPARATOR 


PROGRAMMABLE 14-BiT PWDN 
CRYSTAL REFERENCE (Note 2) 
OSCILLATOR 18 
DIVIDER 
OUTPUT 
(fr/fp) 


ANALOG 
SWITCH 


i 19-BIT SHIFT REGISTER 


fs 
7-BIT LATCH 


BINARY 7-8iT BINARY -11-BIT 
SWALLOW PROGRAMMABLE 


(A) (8) 
may COUNTER COUNTER 


SWALLOW CONTROL so 


TL/W/12339-3 


Note 1: The prescalar for the LMX2320 is either 64/65 or 128/129, while the prescalar for the LMX2325 is 32/33 or 64/65. 


Note 2: The power down function is gated by the charge pump to prevent unwanted frequency jumps. Once the power down pin is brought low the part will go into 
~ power down mode when the charge pump reaches a TRI-STATE condition. 
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Absolute Maximum Ratings (ote 1) 
If Military/Aerospace specifled devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Power Supply Voltage 
Voc —0.3V to +6.5V 
Vp —0.3V to +6.5V 
Voltage on Any Pin 
with GND = OV (Vj) 
Storage Temperature Range (Ts) 
Lead Temperature (T_) (solder, 4 sec.) 


—0.3V to +6.5V 
—65°C to + 150°C 
+ 260°C 


Recommended Operating 


Conditions 


Power Supply Voltage 
Voc 2.7V to 5.5V 
Vp Voc to +5.5V 


Operating Temperature (Ta) —40°C to + 85°C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to 
the device may occur. Operating Ratings indicate conditions for which the 
device is intended to be functional, but do not guarantee specific perform- 
ance limits. For guaranteed specifications and test conditions, see the Elec- 
trical Characteristics. The guaranteed specifications apply only for the test 
conditions listed. 


Electrical Characteristics voc = 3.0v, Vp = 3.0v; —40°C < Ta < 85°C, except as specified 


Symbol Conditions 


loc 


fosc 


fin Maximum Operating Frequency LMX2320 ite ee 
| umxes2s | 


Maximum Oscillator Frequency 
No Load on OSCout 


fg ; Maximum Phase Detector Frequency Pee oe ee 
Voc = 2.7V to 3.3V 
Voc = 3.3V to 5.5V 


OSCin 


Pfin Input Sensitivity 


Vosc 
ViH 
Vit 


Oscillator Sensitivity 
High-Level Input Voltage ey: os ol 
Low-Level Input Voltage [cr cat Suis we ee 


Power Supply Current LMX2320 | Vcc = 3.0V 
LMX2325 | Vcc = 3.0V 


Icc-PwWoN | Power Down Current Voc = 3.0V 
Vec = 5.0V 


lin __| High-Level Input Current (Clock,Data) | Vin=Vec=s5sv_ | -1.0 | | 10 | 

n | Low-Level Input Current (Clock, Data) | Vi=0V,Vec=5.6V | -10 | | 10° | 
ViL = OV, Voc = 5.5V 

hn 

n 


hin Oscillator Input Current 
Nie 


*Except fiy and OSCiy 
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LMX2320/LMX2325 


Electrical Characteristics Vcc = 3.0V, Vp = 3.0V; —40°C < Ta < 85°C, except as Speaieg (Continued) 


symbol 
Lo ‘T= 85°C 


ID>vs Vp, | Charge Pump Output Current 0.5V < Vp, < Vp — 0.5V 
Magnitude Variation vs Voltage T = 25°C 
(Note 1) 


IDg-sink VS Charge Pump Output Current 
IDo-source Sink vs Source Mismatch 
(Note 2) 


Dovs T Charge Pump Output Current —40°C < T < 85°C 
Magnitude Variation vs Temperature |. Vd = Vp/2 
aa 3) 


Vor Voo - 
Vou 
Vou Voo = 08 
Vou 
lou 
ion 
FON “[aeseg Such Onecare IG | 
tos 


"Units 
mA 


mA 


nA 





ton 
town 
tom 
eee eee ee 
tew 


**Except OSCour 
Notes 1, 2, 3: See related equations in Charge Pump Current Specification Definitions 





4-46 


Typical Performance Characteristics | 
Ilccov8Vco OC ok Ip, TRI-STATE vs Do Voltage 


SCECXW1/02ECXW1 


loc (mA) 2320 


TL/W/12339-4 Dy VOLTAGE (V) 
TL/W/12339-5 


Charge Pump Current vs Dg Voltage Charge Pump Current vs Dy Voltage | 


Gin 3V 


Geancocas ce 7 
aerawanlees 


CURRENT (mA) 
CURRENT (mA) 


73! St zi 


1 2 
Dp VOLTAGE (Y) . Dg VOLTAGE (V) 
TL/W/12339-40 TL/W/12339-7 


Charge Pump Current Variation Sink vs Source Mismatch vs Do Voltage 








% VARIATION 
% Mismatch 


0.75 1.25 1.5 1.75 25 2. : 152 25 3 35 45 
VOLTAGE OFFSET (V) D, Voltage (V) 


TL/W/12339-8 TL/W/12339-9 
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Typical Performance Characteristics (continued) 


Input Sensitivity vs Frequency Input Sensitivity vs Frequency 


Aaa amv ver 580 
Pelle] Vec = 4,5V Voc = 5.0V ies 


1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 


Frequency (MHz) . Frequency (MHz) 
TL/W/12339-10 TL/W/12339-11 


Input Sensitivity at Temperature — Input Sensitivity at Temperature 
Variation, Vec = 3V Variation, Vcc = 5V 


~10 -10 
Sanaa see 
-15 
Poe dee BBN 
-20 io 
ca eee 
-25 i 


1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 
Frequency (MHz) Frequency (MHz) 
TL/W/12339-12 TL/W/12339-13 


Oscillator Input Sensitivity LMX2320/25 Input Impedance vs Frequency 
: Voc = 2.7V to 5.5V, fix = 500 MHz to 3000 MHz 


SENSITIVITY (dBm) 
SENSITIVITY (Vpp) 


FREQUENCY (MHz) 
TL/W/12339-14 


TL/W/12339-15 


1.5 GHz, Real = 48, Im = 
1.8 GHz, Real = 44, Im 

3 = 2.0 GHz, Real = 42, Im 

4 = 2.5 GHz, Real = 36, Im 
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Charge Pump Current Specification Definitions 


VOLTAGE 
OFFSET 
AV 


Current (mA) 


Vp/2 


Do Voltage 
TL/W/12339-16 
I1 = CP sink current at Vp, = Vp — AV 14 = CP source current at Vp, = Vp — AV 
12 = CP sink current at Vp, = Vp/2 \5 = CP source current at Vp, = Vp/2 
13 = CP sink current at Vp, = AV ’ \6 = CP source current at Vp, = AV 


AV = Voltage offset from positive and negative rails. Dependent on VCO tuning range relative to Vcc and ground. Typical values are between 0.5V and 1.0V. 


1. lpg v8 Vp, = Charge Pump Output Current magnitude variation vs Voltage = 
[Y2* [It] — [isIE * {[lt] + |I3]}] * 100% and [1% * [4] — lI6ll/[Y% * {[14] + |16}}] * 100% 
2. !Do.sink YS 'Do.source = Charge Pump Output Current Sink vs Source Mismatch = 
{l2| — [is|J/(14 * {[l2] + [15|}] * 100% 
3. ID, vs Ta = Charge Pump Output Current magnitude variation vs Temperature = 
[|l2 @ temp| — |l2 @ 25°C/]/|I2 @ 25°C] * 100% and [|I5 @ temp| — |I5 @ 25°C] /|I5 @ 25°C| * 100% 
4. Kg = Phase detector/charge pump gain constant = : 
Yq * {{l2] + [I5[} 


RF Sensitivity Test Block Diagram 


13dB ATTN 
LMX2320/LMX2325 


Evaluation Board RF 500 
SMHU 835.8011.52 


Parallel Signal Generator 
PC Port 


10 MHz EXT REF OUT 


HP5385A IN 
Frequency Counter 


2.7V+—>5.0V 
TL/W/12339-17 
Note 1:N = 10,000 R= 50 P = 64 
Note 2: Sensitivity limit is reached when the error of the divided RF output, four, is greater than or equal to 1 Hz. 
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LMX2320/LMX2325 


Functional Description 


The simplified block diagram below shows the 19-bit data register, the 14-bit R Counter and the S Latch, and the 18-bit 
N Counter (intermediate latches are not shown). The data stream is clocked (on the rising edge) into the DATA input, MSB first. 
If the Control Bit (last bit input) is HIGH, the DATA is transferred into the R Counter (programmable reference divider) and the 
S Latch (prescaler select: LMX2320: 64/65 or 128/129; LMX2325 32/33 and 64/65). If the Control Bit (LSB) is LOW, the DATA 
is transferred into the N Counter (programmable divider). 


14-BIT 
R COUNTER 
19-BIT 1-BIT CHARGE 
DATA REGISTER S LATCH PUMP 


18-BIT 
N COUNTER 


TL/W/12339-18 


PROGRAMMABLE REFERENCE DIVIDER (R COUNTER) AND PRESCALER SELECT (S LATCH) 

If the Contro! Bit (last bit shifted into the Data. Register) is HIGH, data is transferred from the 19-bit shift register into a 14-bit 
latch (which sets the 14-bit R Counter) and the 1-bit S Latch (S15, which sets the prescaler: 64/65 or 128/129 for the LMX2320; 
or 32/33 or 64/65 for the LMX2325). Serial data format is shown below. 


f Control bit (LSB) Divide ratio of prescaler control bit (MSB) 3 


|-_—_. Divide ratio of the programmable reference divider ——_| 


TL/W/12339-6 


14-BIT PROGRAMMABLE REFERENCE DIVIDER RATIO 
(R COUNTER) 


=p 
| | 
Faeries | caves | 0 | 





EE DE ED ED 


Notes: Divide ratios less than 3 are prohibited. 
Divide ratio: 3 to 16383 


$1 to S14: These bits select the divide ratio of the programmable 
reference divider. : 


C: Control bit (set to HIGH level to load R counter and S Latch) 
Data is shifted in MSB first. | 
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Functional Description (continued) 


PROGRAMMABLE DIVIDER (N COUNTER) 


The N counter consists of the 7-bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Control 
Bit (last bit shifted into the Data Register) is LOW, data is transferred from the 19-bit shift register into a 7-bit latch (which sets 
the 7-bit Swallow (A) Counter) and an 11-bit latch (which sets the 11-bit programmable (B) Counter). Serial data format is shown 
below. 


[ Control bit (LSB) MSB al 





cis sys Sy; sys s 7s 
1 748 10 | 11412 17 | 18 


|— Divide ratio of swallow —_+—___ Divide ratio of programmable ———_| 


counter counter 
TL/W/12339-20 


Note: S8 to S18: Programmable counter divide ratio control bits (3 to 2047) 


7-BIT SWALLOW COUNTER DIVIDE RATIO 11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 
(A COUNTER) (B COUNTER) 


Divide Divide 
re ge 


faa ecamana ! 


EA ESERERERERERESEOEOEIE 


Note: Divide ratio: 0 to 127 Note: Divide ratio: 3 to 2047 (Divide ratios less than 3 are prohibited) 
B2A B2A 


PULSE SWALLOW FUNCTION 

fyco = [(P x B) + Al X fogc/R 

fyco: Output frequency of et ald voltage controlled oscil- 
lator (VCO) 
Preset divide ratio of binary 11-bit programmable 
counter (3 to 2047). 
Preset divide ratio of binary 7-bit swallow counter 
(0 <A< 127,A < B) 

: Output frequency of the external reference frequency 

oscillator 
Preset divide ratio of binary 14-bit programmable ref- 
erence counter (3 to 16383) 
Preset modulus of dual modulus prescaler (64 or 128 
for 2320 or 32 or 64 for 2325) 
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LMX2320/LMX2325 


Functional Description (continued) 
SERIAL DATA INPUT TIMING 


DATA N18: MSB ; "NI }€ CONTROL BIT: LSB 


(R15: MSB) (R1) coNTROL BIT: LSB 


TL/W/12339~21 
Notes: Parenthesis data indicates programmable reference divider data. 
Data shifted into register on clock rising edge. ‘ : ‘ 
Data is shifted in MSB first. . 


Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Vcc/2. The test waveform has an edge fate of 0.6 V/ns with 
amplitudes of 2.2V @ Voco = 2.7V and 2.6V @ Voc = 5.5V. 


Phase Characteristics 


In normal operation, the FC pin is used to reverse the polari- VCO Characteristics 

ty of the phase detector. Both the internal and any external 

charge pump are affected. 

Depending upon VCO characteristics, FC pin should be set 

accordingly: vco 
When VCO characteristics are like (1), FC should be set OUTPUT 
HIGH or OPEN CIRCUIT; EREGUENCY 
When VCO characteristics are like (2), FC should be set 
LOW. 

When FC is set HIGH or OPEN CIRCUIT, the monitor pin of VCO INPUT VOLTAGE 

the phase comparator input, fout, is set to the reference TL/W/12339-22 

divider output, f-. When FC is set LOW, fout is Bet to the 

Pearammeante divider output, fp- 





PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS 


ees A <‘, 
TL/W/12339-23 


Notes: Phase difference detection range: —27 to +27 
The minimum width pump up and pump down current pulses occur at the Dy pin when the loop is locked. 
FC = HIGH 
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Analog Switch 


The analog switch is useful for radio systems that utilize a frequency scanning mode and a narrow band mode. The purpose of 
the analog switch is to decrease the loop filter time constant, allowing the VCO to adjust to its new frequency in a shorter 
amount of time. This is achieved by adding another filter stage in parallel. The output of the charge pump is normally through the 
Do pin, but when LE is set HIGH, the charge pump output also becomes available at BISW. A typical circuit is shown below. The 
second filter stage (LPF-2) is effective only when the switch is closed (in the scanning mode). 


CHARGE PUMP 


ANALOG SWITCH 


CONTROL SIGNAL : LE 


Typical Crystal Oscillator Circuit 


A typical circuit which can be used to implement a crystal 
oscillator is shown below. 


OSGy = OSCoyz 


hy 
Pal 


TL/W/12339-25 
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Typical Lock Detect Circuit 


A lock detect circuit is needed in order to provide a steady 
LOW signal when the PLL is in the locked state. A typical 
circuit is shown below. 


Voc 


MMBT200 


TL/W/12339-26 
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Typical Application Example 


External Charge 
Pump Circuit 
(optional, see text) 


-, FROM 
CONTROLLER 


% four |eisw | Fc 


OSGy INC OSCoyz 
1000p 


ee 


510 100p] O.tn] O.tn] 100p 


LOCK DETECT 
—— CRYSTAL OSC. Ut x cel . _ CIRCUIT 
= INPUT : (SEE TEXT) 


Ct R2 
C2 
ies 


Operational Notes: eit = ee ee 
* VCO is assumed AC coupled. i 
Rin increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 102 to. 2000 depending on the VCO power 
tevel. fin RF impedance ranges from 40N to 1000. 
502 termination is often used on test boards to allow use of external reference oscillator. Feri most bypical products a CMOS clock is used and no terminating 
resistor is required. OSCy may be AC or DC coupled. AC coupling is recommended because the input circuit provides its own bias. (See Figure below) 
100kn 


TL/W/12339-~28 
Proper use of grounds and bypass capacitors is essential to achieve a high level of performance. 
Crosstalk between pins can be reduced by careful board layout. 
This is a static sensitive device. It should be handled only at static free work stations. 
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Application Information 


LOOP FILTER DESIGN 
A block diagram of the basic phase locked loop is shown. 


PHASE 
DETECTOR 


REFERENCE 


CRYSTAL DIVIDER 


REFERENCE - 


reference ° 


r 
[ Frequency frequency 


{ Synthesizer | 
L 4 


FIGURE 1. Basic Charge Pump Phase Locked Loop 


An example of a passive loop filter configuration, including 
the transfer function of the loop filter, is shown in Figure 2. 


R2 


a TL/W/12939- 300 


s (C2 ¢R2) + 1 
s2 (C1 ¢C2¢R2) + sCt + sC2 
\ FIGURE 2. 2nd Order Passive Filter 


Define the time constants which determine the pole and 
zero frequencies of the filter transfer function by letting 


T2 = R2¢eC2 
and 


yale 


2(s) = 


(1a) 


C1°C2 
C1 + C2 (1b) 


The PLL linear model control circuit is shown along with the 
open loop transfer function in Figure 3. Using the phase 
detector and VCO gain constants [Kd and Kyco] and the 
loop filter transfer function [Z(s)], the open loop Bode plot 
can be calculated. The loop bandwidth is shown on the 
Bode plot (wp) as the point of unity gain. The phase margin 
is shown to be the difference between the phase at the unity 
gain point and — 180°. 


T1=R2¢ 





TL/W/12339-32 


Open Loop Gain = 6/8, = H(s) G(s) 
= Kd Z(s) Kyco/Ns 
Closed Loop Gain = 6/6; = G(s)/[1 + H{(s) G(s)] 


MAIN DIVIDER 
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TL/W/12339-29 


Phase 


< G(s) H(s) 


Gain 


G(s) H(s)| 


-180 
Frequency 


TL/W/12339-31 
FIGURE 3. Open Loop Transfer Function 
Thus we can calculate the 3rd order PLL Open Loop Gain in 
terms of frequency 
—Kd ¢ es (1 + jo °12) 71 


G(s) * H(s)|5 = jew = ~ @2CteN(1 + joe!) T2 (2) 


From equation 2 we can see that the phase term will be 


dependent on the single pole and zero such that 
o(w) = tan—1 (w © T2) — tan—1(w ° T1) + 180° (3) 
By setting 
Ob a2 Ne AR. the 
1+(weT2)2 1+ (weTt)2 (4) 
we find the frequency point corresponding to the phase in- 
flection point in terms of the filter time constants T1 and T2. 
This relationship is given in equation 5. 
= 1/\T2¢T1 (5) 
For the loop to be stable the unity gain point must occur 
before the phase reaches —180 degrees. We therefore 
want the phase margin to be at a maximum when the magni- 
tude of the open loop gain equals 1. Equation 2 then gives 


ene Kd ¢ Kyco Meera (1 + |wp © T2) | 


@p2eNeT2 [i(1 + jwp © T1) (6) 
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Application Information (Continued) 
Therefore, if we specify the loop bandwidth, wp, and the 
phase margin, $p, Equations 1 through 6 allow us to calcu- 
late the two time constants, Ti and T2, as shown in equa- 
tions 7 and 8. A common rule of thumb is to begin your 
design with a 45° phase margin. 

T1= SOCHp — tandy - 

®p 

eee, 


(7) 


T2 =  @) 


From the time constants T1, and T2, and the loop band- 
width, @p, the values for C1, R2, and C2 are obtained in 
equations 9 to 11. : 


T1_ KobeKyco /[1 + (&p & T2) 
Gi ee eee 
T2 


() 
(10) 


(11) 
Voltage Controlled Oscillator (VCO) 
Tuning Voltage constant. The fre- 
quency vs voltage tuning ratio. 
Phase detector/charge pump gain 
constant. The ratio of the current out- 
put to the input phase differential. 
N Main divider ratio. Equal to RF opt/fret 
RF opt (MHz) Radio Frequency output of the VCO at 
which the loop filter is optimized. 
Frequency of the phase detector in- 


puts. Usually equivalent to the RF 
channel spacing. 


Kyco (MHz/V) 


Kd (mA) 


fret (KHz) 


1 
~ @e2 © (T1 + T3) 


__tanpe(T1 +73) __ 
~ [1 + 73)2+71¢T3] 


M1 Kb Kvco , 
2 eN 


(1 + wo2 © T22) 


T2” 


In choosing the loop filter components a trade off must be 
made between lock time, noise, stability, and reference 
spurs. The greater the loop bandwidth the faster the lock 
time will be, but a large loop bandwidth could result in higher 
reference spurs. Wider loop bandwidths generally improve 


’ close in phase noise but may increase integrated phase 
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noise depending on the reference input, VCO and division 
ratios used. The reference spurs can be reduced by reduc- 
ing the loop bandwidth or by adding more low pass filter 
stages but the lock time will increase and stability will de- 
crease as a result. 


THIRD ORDER FILTER 


A low pass filter section may be needed for some applica- 
tions that require additional rejection of the reference side- 
bands, or spurs. This configuration is given in Figure 4. In 
order to compensate for the added low pass section, the 
component values are recalculated using the new open 
loop unity gain frequency. The degradation of phase margin 
caused by the added low pass is then mitigated by slightly 
increasing C1 and C2 while slightly decreasing R2. 


The added attenuation from the low pass filter is: 
ATTEN = 20 logl(27frot © R3°C3)2 + 1] 
Defining the additional time constant as 
T3 = R3eC3 (13) 
Then in terms of the attenuation of the reference spurs add- 
ed by the low pass pole we have 


[ ATTEN/20 — 
13 = 10: 1 
(277 ® fret)? 
We then use the calculated value for loop bandwidth we in 
equation 11, to determine the loop filter component values 


in equations 15-17. we is slightly less than wp, therefore 
the frequency jump lock time will increase. 


(12) 


(14) 


+ Tange (M1 4 Taz (T1 + T3)J2 


a 





Application Information (continue) 
Consider the following application example: 
Example #1 

Kyco = 34 MHz/V 

Kd = 2.8 mA (Note 1) 

RFopt = 1665 MHz 

Fret = 300 kHz 

N = RF opt/fret = 5550 

Wp = 27 * 20 kHz = 1.25665 

bp = 43 

ATTEN = 12dB 


_ sech — tand _ 


70(12/20) — 4 
T3= Vos = 9.16e—-7 
N (2m © 30063)2 


- tan43 (3.862e-6 + 9.16e—7) 
(3.462e—6 + 9.16e—7)2 + 3.462e—6 ¢ 9.16e—7) 


T1 3.462e—6 


D> 





(3.4626—6 + 9.160—7)* + 3.4020—6°9.160—7 _ i| 
[tan43 (3.462e—6 + 9.16e—7)]2 
_ 1 
~~ (9,68264)2 (3.462e—6 + 9.16e—7) . es 
_ 3.4620—6 (2.8e—3) ©3406 | [1 + (9.68204)2 « (2.437e—5)2] Ye. 
2.437e—5 (9.682e4)2 © 5550 L[1 + (9.68264)? (3.4626—6)2] [1 + (9.682e4)2 © (9.16e—7)2] 
= 0.63 nF 


T2 = 2.437e—5 


“C1 


2.437e-5 _ 

3.402e—6 

_ 2.437e-5 
3.880—9 


C2 = 0.63 nF ( 1) = 3.88 nF; 


R2 = 6.28 kN; 


: = . _ 9.16e-7 | 
if we choose R3 = 27k; then C3 —W7e3 34 pF. 


Converting to standard component values gives the follow- 
ing filter values, which are shown in Figure 4. 
C1 = 560 pF esau 
R2 = 6.8kN uae a 
R3 = 27k = 
C3 = 56 pF 


56 pF 





Note 1: See related equation for Kp in Charge Pump Current Specification eee 


Definitions. For this example Vp = 3.3V. The value for K can then : ' FIGURE 4. ~ 20 kHz Loop Filter 
be approximated using the curves in the Typical Performance Char- 

acteristics for Charge Pump Current vs. Dg Voltage. The units for 

K@¢ are in mA. You may also use Kp = (2.8 mA/277 rad), but in this 

case you must convert Kyco to (r::d/V) multiplying by 27. 
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Application Information (Continued) 


MEASUREMENT RESULTS 


MKR 3 00 kHz 


REF -9.5dBm ATTEN 1 O0dB ~66. 00dB 


: aes 
vio ays ttt tA TT 
A 


COCA 


SPAN 1. 00 kHz 
SWP 3 00 msec 
TL/W/12339-34 
FIGURE 5. PLL Reference Spurs 
The reference spurious level is < —65 dBc, due to the loop 


filter attenuation and the low spurious noise level of the 
LMX2320. 


CENTER 1.668 9 0 GHzMHz 
RES BW 3 kHz VBW 1 OkHz 


MKR 20. 0 kHz 
REF ~9.5dBm ATTEN 1 OdB -50.2 0 dB 


toas/] | | TT ALT 


SAMPLE | MARKER el 
20. 0 kHz 


-50.2 0 dB Bil 
| | AL 


al a 
| | | 
Stn aes 
ZBR eRe 
poise iene Ld 


we 
a 
LA 
PN 
tesla 


bali 
See ee 
AER 





CENTER 1.668 9 00 GHz 
RES BW 1 kHz VBW 3 kHz 


SPAN 1 00 kHz 
SWP 3 00 msec 
TL/W/12339-36 
FIGURE 6. PLL Phase Noise 20 kHz Offset 


The phase noise level at 20 kHz offset is —80 dBc/Hz. 


MKR 15 0 kHz 


REF -9.5dBm ATTEN 1 0dB -71.1 OdB 


“CENTER 1.668 9 00 76 GHz 
RES BW 1 0'Hz VBW 30 Hz 


SPAN 1. 00 kHz 
SWP 3 0. Osec 
TL/W/12339-35 
FIGURE 7. PLL Phase Noise @ 150 Hz Offset 


The phase noise level at 150 Hz offset is —81.1 dBc/Hz. 
The spurs at 60 and 180 Hz offset are due to 60 Hz line 
noise from the power supply. 


| ' 
1.683900781 GHz 
! 


1.683895781 GHz JL! 





2.444 ms 
1.000 ms/div 
1, -77.8us | -‘T, 244 ys _ A322 ys 
F, 1.683901750GHz Fy 1.683899781GHz A -1.969kHz 
TL/W/12339-37 
FIGURE 8. Frequency Jump Lock Time 


Of concern in any PLL loop filter design is the time it takes 
to lock in to a new frequency when switching channels. Fig- 
ure 8 shows the switching waveforms for a frequency jump 
of 1650.9 MHz to 1683.9 MHz. By narrowing the frequency 
span of the HP53310A Modulation Domain Analyzer en- 
ables evaluation of the frequency lock time to within 
+1 kHz. The lock time is seen to be less than 500 ys fora 
frequency jump of 33 MHz. 





Application Information (continued) 
EXTERNAL CHARGE PUMP 


The LMX PLLatinum series of frequency synthesizers are 
equipped with an internal balanced charge pump as well as 
outputs for driving an external charge pump. Although the 
superior performance of NSC’s on board charge pump elim- 
inates the need for an external charge pump in most appli- 
cations, certain system requirements are more stringent. In 
these cases, using an external charge pump allows the de- 
signer to take direct control of such parameters as charge 
pump voltage swing, current magnitude, TRI-STATE leak- 
age, and temperature compensation. 


One possible architecture for an external charge pump cur- 
rent source is shown in Figure 9. The signals dp and ¢, in 
the diagram, correspond to the phase detector outputs of 
the 2320/25 frequency synthesizers. These logic signals 
are converted into current pulses, using the circuitry shown 
in Figure 9, to enable either charging or discharging of the 
loop filter components to control the output frequency of the 
PLL. 


Referring to Figure 9, the design goal is to generate a 5 mA 
current which is relatively constant to within 5V of the power 
supply rail. To accomplish this, it is important to establish as 
large of a voltage drop across R5, R8 as possible without 
saturating Q2, Q4. A voltage of approximately 300 mV pro- 
vides a good compromise. This allows the current source 
reference being generated to be relatively repeatable in the 
absence of good Q1, Q2/Q3, Q4 matching. (Matched tran- 
sistor pairs is recommended.) The p and ¢r outputs are 
rated for a maximum output load current of 1 MA while 5 mA 
current sources are desired. The voltages developed across 
R4, 9 will consequently be approximately 258 mV, or 42 mV 
less than R8, 5, due to the current density differences 
{0.026*1n (5 mA/1 mA)} through the Q1, Q2/Q3, Q4 pairs. 


In order to calculate the value of R7 it is necessary to first 
estimate the forward base to emitter voltage drop (Vfn,p) of 
the transistors used, the Vo, drop of op, and the Vox drop 
of hr’s under 1 mA loads. (pp’s Vo. < 0.1V and (r,s Vox 
< 0.1V). 


Knowing these parameters along with the desired current 
allow us to design a simple external charge pump. Separat- 


ing the pump up and pump down circuits facilitates the no- — 


dal analysis and give the following equations. 


Vas - Vre 1n(souee 
Ra = - p max 
lsource 


Vrs — Vr ¢ tn (cn isink ) 
oo In max 
9 = et 


isink 
Re = Vas ° (Bp + 1) 
ip max ® (Bp + 1) — isource 
Vre * (Bn + 1) 


R rare am eer eres 
ip max ® (Bn + 1) isink 


Re = (Vp ~ VvoLép) — (Vas + Vfp) 
ip max 


Ry = (Vp — VvoHdp) — (Vag + Vén) 


Imax 


EXAMPLE 

Typical Device Parameters Bp =100, Bp = 50 

Typical System Parameters Vp = 5.0V; 

_ Vent! =.0.5V-4.5V; 
Vep = 0.0V, Vor = 5.0V 
IsiInK = lsourRce = 5.0 mA; 
Vin = Vfp = 0.8V 
nay = lomax = 1mA 
Vas = Vrs = 0.3V 
Votép = VoHgp = 100 mV 


Design Parameters 


Loop - 
Filter 





TL/W/12339-39 
FIGURE 9 


Therefore select 


0.3V — 0.026 © 1n(5.0 mA/1.0 mA) 


5 mA = 61.69 © 


R4 = Rg = 


0.3V © (50 + 1) 


R eee RMI 
5 7.0 mA ¢ (50 + 1)— 5.0mA 


= 332 


0.3V ¢ (100 + 1) 


~ TomAe(100+1)-50mA 


Rg 


_ (V — 0.1V) — (0.3V + 0.8V) 


Be Ay 1.0mA 


= 3.8kn 
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LMX2330A/LMX2331A/LMX2332A 


A ationat Semiconductor 


PRELIMINARY 


LMX2330A/LMX2331A/LMX2332A 
PLLatinum™ Dual Frequency Synthesizer 
for RF Personal Communications 


LMX2330A 2.5 GHz/510 MHz 
LMX2331A 2.0 GHz/510 MHz 
LMX2332A 1.2 GHz/510 MHz 


General Description 


The LMX233xA family of monolithic, integrated dual fre- 

quency synthesizers, including prescalers, is to be used as a 

local oscillator for RF and first IF of a dual conversion trans- 

ceiver. It is fabricated using National’s ABiC IV silicon 
- BiCMOS process. — 


The LMX233xA contains dual modulus prescalers. A 64/65 
or a 128/129 prescaler (32/33 or 64/65 in the 2.5 GHz 
LMX2330A) can be selected for the RF synthesizer and a 
8/9 or a 16/17 prescaler can be selected for the IF synthe- 
sizer. Using a digital phase locked. loop technique, the 
LMX233xA can generate a very stable, low noise signal for 
the RF and IF local oscillator. Serial data is transferred into 
the LMX233xA via a three wire interface (Data, Enable, 
Clock). Supply voltage can range from 2.7V to 5.5V. The 
LMX233xA family features very low current consumption; 
LMX2330A—13 mA at 3V, LMX2331A—12 mA at 3V, 
LMX2332A—-8 mA at 3V. 


The LMX233xA are available in a TSSOP 20-pin surface 
mount plastic package. a 


Functional Block Diagram. 


en 15-BIT IF 

Prescalar N COUNTER 
15-BIT IF 
R COUNTER 


15-BIT RF 
R = 
18-BIT RF 


plat cou rT | 


22-BiT 
DATA REGISTER 


RF 
Prescalar 


Features 

B® 2.7V to 5.5V operation 

@ Low current consumption 

mw Selectable powerdown mode: 
loc = 1 pA typical at 3V 

g Dual modulus prescaler: 


LMX2330A (RF) 32/33 or 64/65 


LMX2331A/32A (RF) 64/65 or 128/129 ' 
LMX2330A/31A/32A (IF) 8/9 or 16/17 

@ Selectable charge pump TRI-STATE® mode 

m Selectable Fastlock™’ mode 


Applications 

w Portable Wireless Communications 
(PCS/PCN, cordless) 

m Cordless and.cellular telephone systems 

m Wireless Local Area Networks (WLANs) 

@ Cable TV tuners (CATV) 

™ Other wireless communication systems 


CHARGE 
PUMP 


ee PHASE CHARGE 
COMP. PUMP 


FASTLOCK 


TL/W/12331-1 
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Connection Diagram 


Pin Description 


PinNo. | PinName | 1/0_ 


ka 
aaa 
ra 


6 


[fF | ot 


ill 
Re al 


OSCin 


FoLD 


Leal Ba 
ial 


Lal 


ee 
GND 

| DolF | O | 
ve2 | — | 

Vcec2 


Thin Shrink Small Outline Package (TM) 


° 


Top View 


=~ © On 7D NO F&F WN 


Oo 


TL/W/12331-2 
Order Number LMX2330ATM, LMX2331ATM or. LMX2332ATM 
NS Package Number MTC20 


Description 


Power supply voltage input. Input may range from 2.7V to 5.5V. Vcc1 must equal Vcc2. Bypass 
capacitors should be placed as close as possible to this pin and be connected directly to the 
ground plane. 


Power Supply for RF charge pump. Must be = Vcc. . 


Internal charge pump output. For connection to a loop filter for driving the input of an external 
Vvco. 


Ground. 
RF prescater input. Small signal input from the VCO. 


RF prescaler complimentary input. A bypass capacitor should be placed as close as possible to 
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of 
sensitivity. 


Ground. 


Oscillator input. The input has a Vcc/2 input threshold and can be driven from an external 
CMOS or TTL logic gate. 


Ground. 


Multiplexed output of the RF/IF programmable or reference dividers, RF/IF lock detect signais 
and Fastlock mode. CMOS output (see Programmable Modes). 


High impedance CMOS Clock input. Data for the various counters is clocked in on the rising 
edge, into the 22-bit shift register. 


Binary serial data input. Data entered MSB first. The last two bits are the control bits. High 
impedance CMOS input. 


Load enable CMOS input. When LE goes HIGH, data stored in the shift registers is loaded into 
one of the 4 appropriate latches (control bit dependent). 


Ground. 


IF prescaler complimentary input. A bypass capacitor should be placed as close as possible to 
this pin and be connected directly to the ground plane. Capacitor is optional with some loss of 
sensitivity. 


IF prescaler input. Small signal input from the VCO. 

Ground. 

IF charge pump output. For connection to a loop filter for driving the input of an external VCO. 
Power Supply for IF charge pump. Must be 2 Vcc. 


Power supply voltage input. Input may range from 2.7V to 5.5V. Vcoc2 must equal Vcc 1. Bypass 
capacitors should be placed as close as possible to this pin and be connected directly to the 
ground plane. 
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VZEECXWT/VLEECXW1/VOEECXWT 


LMX2330A/LMX2331A/LMX2332A 


Block Diagram 


5 


ea 1 
fiy RF 


GND 


cance 
OSC,, 


9 
¢6ND —— 


Note 1: The RF prescalar for the LMX2331A/32A is either 64/65 or 128/129, while the prescalar for the LMX2330A is 32/33 or 64/65. 


RF Charge 


Pump RF 


Lock 
Detect 


RF 
Phase 
Detector 


Programmable 
18-Bit (RF) 
N-Counter 


RF Prescalar 


Sane: i Tepit PIP] (RF) 18-Bit N-Latch 


‘| 5-Bit Mode Latch oT 15-Bit Ri-Latch 


Programmable 15-Bit i] 
(R1) Reference Counter 


>a 


Fout/ 
Lock Detect/ 
Fastlock IF 


Multiplexer Lock 
Detect 
_ IF 


Detector 


Programmable 
15-Bit (IF) 
N-Counter 





Programmable 15~-Bit 
(R2) Reference Counter 


zal 


5~Bit Mode Latch © 3 15-Bit R2 Latch 


IF Charge 


IF Prescalar 
(8/9 or 
16/17) 


2-Bit 


Control 
Latch 





11 
Clock 


TL/W/12331-27 


Note 2: Voc supplies power to the RF prescaler, N-counter and phase detector. Vcc2 supplies power to the IF prescaler, N-counter and phase detector, RF and 
IF R-counters along with the OSC)y buffer and all digital circuitry. Vcc and Voc2 are separated by a diode and must be run at the same voltage level. 


Note 3: Vp1 and Vp2 can be run independently as long as Vp = Vcc. 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Recommended Operating 


Conditions 


Power Supply Voltage 
2.7V to 5.5V 


Vcc 
Vp Voc to +5.5V 


Operating Temperature (Ta) —40°C to + 85°C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to 
the device may occur. Recommended Operating Conditions indicate condi- 
tions for which the device is intended to be functional, but do not guarantee 
specific performance limits. For guaranteed specifications and test condi- 
tions, see the Electrical Characteristics. The guaranteed specifications apply 
only for the test conditions listed. 


—0.3V to +6.5V 
—0.3V to + 6.5V 


Voltage on Any Pin 
with GND = OV (V)) 


Storage Temperature Range (Ts) 
Lead Temperature (solder 4 sec.) (T,) 


—0.3V to +6.5V 
—65°C to + 150°C 
+ 260°C 


Electrical Characteristics Voc = 3.0V, Vp = 3.0V; —40°C < Ta < 85°C, except as specified 


Conditions 


Power . LMX2330A RF + IF Veo 2.7V to 5.5V 
Supply | LMX2330A AF Only 
Current 

LMX2331A RF + IF 

LMX2331A RF Only 

LMX2332A IF + RF 

LMX2332A RF Only 

LMX233XA IF Only 


| Symbol Parameter 


Icc 


Icc-pwoN | Powerdown Current ~~ 


fin RF LMX2330A 
LMX2331A 


LMX2332A 


Operating LMX233XA 
Frequency 


Maximum Oscillator Frequency 


Operating 
Frequency 





fin IF 


fosc 


fo Maximum Phase Detector 
Frequency 
Pfin RF RF Input Sensitivity 


a 


Pfin IF 


Vosc 
Vin 


[High-Level inputVoltage td 
[Low-LevelinputVottage 
Voo = 0. 


*Clock, Data and LE does not include fix RF, fin IF and OSCyy. 


—10 


> 


° 
hp 


So 
@ I 
< _ 
Q 
(2) 
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VZEESXW1/VLEECXINI/VOEECXWT 


LMX2330A/LMX2331A/LMX2332A 


Charge Pump Characteristics voc = 3.0v, Vp = 3.0v; —40°C < Ta < 85°C, except as specified 


IDo-SOURCE Charge Pump Output 


| Current 
Do-SINK 


ID9-SOURCE 
IDo-SINK 


IDo-TRI Charge Pump TRI-STATE 
Current , 

IDg-SINK VS CP Sinkvs | 

IDo-SOURCE Source Mismatch (Note 2) 

IDg VS VD, CP Current vs Voltage . 

(Note 1) 

IDoVS TA “CP Current vs Temperature 

(Note 3) 


** See PROGRAMMABLE MODES for Icp, description. 


Conditions 


VDo = Vp/2, lop, = HIGH** 
VDo = Vp/2, lop, = HIGH** 
VDy = Vp/2, lop, = LOW** 
VDo = Vp/2, Icp, = LOW** 
0.5V < Vp, < Vp — 0.5V 
—40°C < Ta < 85°C 

VDy = Vp/2 

Ta = 25°C 

0.5 < Vp, < Vp — 0.5V 

Ta = 25°C 

VD, = Vp/2 

—40°C < Ta < 85°C — 


Notes 1, 2, 3: See charge pump current specification definitions below. 


Charge Pump Current Specification Definitions 


VOLTAGE 
OFFSET 
AV 


<= 
E 
€ 
2 
5. 
6) 


11: = CP sink current at Vp, = Vp — AV 
12 = CP sink current at Vp, = Vp/2 
13 = CP sink current at Vp, = AV 


Vp/2 


Do Voltage 
© TL/W/12331-25 
|4 = CP source current at Vp, = Vp — AV 
15 = CP source current at Vp, = Vp/2° 
16 = CP source current at Vp, = AV 


AV = Voltage offset from positive and negative rails. Dependent on VCO tuning range relative to Voc and ground. Typical values are between 0.5V and 1.0V. 


" 1Ip, VS Vo, = Charge Pump Output Current magnitude variation vs Voltage = 


(% * [lt] — [IS]}I/0% * [la] + |I3)}]* 100% and [14% {|l4] — [l6]}]/11% * (]14] + lle]}} * 100% 
2. IDo.sink VS '!Do.source = Charge Pump Output Current Sink vs Source Mismatch = 


_ Thal — [shy * {[l2] + [15)3] * 100% 


3. Ip, VS Ta = Charge Pump Output Current magnitude variation vs Temperature = 
{|l2 @ temp| — |l2 @ 25°C|}/|l2 @ 25°C] * 100% and [lI5 @ temp| — |I5 @ 25°C|]/|I5 @ 25°C| * 100% 
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RF Sensitivity Test Block Diagram 


13dB ATIN 
LMX233XA 


Evaluation Board ; RF 509 


SMHU 835.8011.52 
raralla | DATA Signal Generator 
or : 


EE SSS 
10MHz EXT REF OUT 


HP5385A IN 
Frequency Counter 


2.7V <> 5.0V 


TL/W/12331-28 


Note 1: N = 10,000 R = 50 P = 64 
Note 2: Sensitivity limit is reached when the error of the divided RF output, FoLD, is = 1 Hz. 


Typical Performance Characteristics 


Icc V8 Vec lec vs Vcc 
LMX2330A LMX2331A 


TL/W/12331-31 


loc VS Voc Ipo TRISTATE 
LMX2332A vs Dg Voltage 


D, VOLTAGE (V) 


TL/W/12331-4 
TL/W/12331~33 
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LMX2330A/LMX2331A/LMX2332A 


Typical Performance Characteristics (Continued) 


Charge Pump Current vs Dy Voltage 
Icp = HIGH 


D, Current (mA) 


15 2 25 3 35 4 45 5 55 
D, Voltage (V) 
TL/W/12331-34 
Charge Pump Current Variation 
(See Note 1 under Charge Pump Current 
Specification Definitions) 


5 Variation 


0 0.25 05 075 1 1.25 15 1.75 2 2.25 2.5 


Voltage Offset (V) si odie fe 


RF Input Impedance 
Voc = 2.7V to 5.5V, fin = 50 MHz to 3 GHz 


TL/W/12331-38 


Marker 1 = 1 GHz, Real = 101, Imag. = —144 
Marker 2 = 2 GHz, Real = 37, Imag. = —54 
Marker 3 = 3 GHz, Real = 22, Imag. = — 
Marker 4 = 500 MHz, Real = 209, Imag. = —232 
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Charge Pump Current vs Dy Voltage 
Icp = LOW 


t 
2 
wn 


0, Current (mA) 


aes 
a ee fege ee Eg 
Bee & vi 


Vp = 5.5V 


15 2 25 3 35 4 45 5 55 


D, Voltage (V) 
TL/W/12331-35 


Sink vs Source Mismatch 
(See Note 2 under Charge Pump Current 
Specification Definitions) 


| 
sry OT 
Ter, sor 
Fe ie ac 

ne a 

bie ne nS 
yo a ae Dl 


= 
S 
2 
ro] 
£ 
2 
= 
a 


0 05 1 15 2 25 3 35 4 #45 5 
- Dy Voltage (V) 





TL/W/12331-37 


IF Input Impedance 
Voc = 2.7V to 5.5V, fin = 10 MHz to 1000 MHz 


TL/W/12331-39 


Marker 1 = 100 MHz, Real = 589, Imag. = 
Marker 2 = 200 MHz, Real = 440, Imag. 
Marker 3 = 300 MHz, Real = 326, Imag. 
Marker 4 = 500 MHz, Real = 202, Imag. 





Typical Performance Characteristics (Continued) 
LMX2330A RF Sensitivity vs Frequency 


Sensitivity (dBm) 
Sensitivity (dBm) 


VZEECXIN1/WLEECXINT/WOEECXWT 


1800 2200 2600 3000 900 1300 1700 2100 2500 
1600 2000 2400 2800 700 1100 1500 1900 2300 


Frequency (MHz) ; Frequency (MHz) 
TL/W/12331-40 TL/W/12331-41 


LMX2332A RF Sensitivity vs Frequency . IF Input Sensitivity vs Frequency 


~~ 
E 
fos) 
ao) 

~ 

> 
pa 
> 
= 
“ 
c 
o 
[7e) 


Sensitivity (dBm) 


900 1100 1300 1500 


Frequency (MHz) Frequency (MHz) 
TL/W/12331~42 TL/W/12331-43 


Oscillator Input Sensitivity vs Frequency 





Sensitivity (dBm) 
Sensitivity (Vpp) 


Frequency (MHz) 
TL/W/12331-44 
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_LMX2330A/ LMX2331 A/LMX2332A 


Functional Description 


The simplified block diagram below.shows the 22-bit data register, two 15-bit R Counters and the 15- and 18-bit N Counters 
(intermediate latches are not shown). The data stream is clocked (on the rising edge of LE) into the DATA input, MSB first. The 
last two bits are the Control Bits. The DATA is transferred into the counters as follows: 


Po [ap 
[0 | 0 [ier Counter 
Po | 1 _ [RFR Counter | 
P41 [ 0 FEN Counter — 
P| 1 [RN Counter 


IF 15~-BlT IF 
Prescalar N COUNTER PHASE 
COMP. 
15~BlT IF 
R COUNTER 
RF 
R COUNTER 


eh PHASE eae 
RF 18- ana RF COMP. fee 
Prescalar nie ea N =| 

a au | rasriock | 


a REGISTER 





TL/W/12331-1 


PROGRAMMABLE REFERENCE DIVIDERS (IF AND RF R COUNTERS) 


If the Control Bits are 00 or 01 (00 for IF and 01 for RF) data is transferred from the 22-bit shift register into a iatch which sets 
the 15-bit R Counter. Serial data format is shown below. 


LSB 


ale altel isfralis |e] zl 
17 
lt |}+—— bivide ratio of the reference divider, R se Program Modes -| 


(Control! bits) 
TL/W/12331-14 


15-BIT PROGRAMMABLE REFERENCE DIVIDER RATIO (R COUNTER) 


sever] [a tada tte tstatats fats tafyty) 


Notes: Divide ratios less than 3 are prohibited. 
Divide ratio: 3 to 32767 
R1 to R15: These bits soloct the divide ratio of the programmable reference divider. 
Data is shifted in MSB first. 
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Functional Description (Continued) 


PROGRAMMABLE DIVIDER (N COUNTER) 


The N counter consists of the 7-bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Control 
Bits are 10 or 11 (10 for IF counter and 11 for RF counter) data is transferred from the 22-bit shift register into a 4-bit or 7-bit 
latch (which sets the Swallow (A) Counter) and an 11-bit latch (which sets the 11-bit programmable (B) Counter), MSB first. 
Serial data format is shown below. For the IF N counter bits 5, 6, and 7 are don't care bits. The RF N counter does not have 
don't care bits. 


| _| 
PF EEEEEE CEE EEEEREEEEEL 


Divide ratio of the reference divider, N————+l« pr rg 


Mt (Control bits) 


TL/W/12331-15 


7-BIT SWALLOW eal ona RATIO (A COUNTER) 


Divide Divide 
hs re 


Notes: Divide ratio: 0 to 127 : . X= DON'T CARE condition 
B2A , 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO (B COUNTER) 


Divide 
ee 


Peal ely oe a aes 
eee ei se set) ee ae 
pace Patt ata titatststatsds 


Note: Divide ratio: 3 to 2047 (Divide ratios less than 3 are prohibited) 
B2A 





PULSE SWALLOW FUNCTION 
fyco = [(P x B) + A] X fogc/R 
fyco: Output frequency of external voltage controlled oscillator (VCO) 
B: Preset divide ratio of binary 11-bit programmable counter (3 to 2047) 


A: Preset divide ratio of binary 7-bit swallow counter 
(0 < A-< 127 {RF},0 < A < 15 {IF}, A < B) 


fosc: Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 15-bit programmable reference counter (3 to 32767) 


P: Preset modulus of dual modulus prescaler (for IF; P = 8 or 16; 
, for RF; LMX2330A: P = 32 or 64 LMX2331A/32A: P = 64 or 128) 
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LMX2330A/LMX2331A/LMX2332A 





Functional Description (Continued) 


PROGRAMMABLE MODES 


Several modes of operation can be programmed with’ bits R16-R19 including: the phase detector polarity, charge pump 
TRI-STATE and the output of the FyLD pin. The prescaler and powerdown modes are selected with bits N19 and N20. The 
programmable modes are shown i in Table I. Truth table for the programmable modes and FoLD output are wow in Teele Il and 
Table Ill. 


TABLE I. Programmable Modes 


: IF Phase IF Do 
fof o | Detector Polarity F ies tALSTATE | FLO | IF Fo 
| RF Phase RF Dy 

ere Detector Polarity THLSTATE| oe FF 


jci|c2| mie | N20 | 
| 1 | 0 | iF Prescater | Pwan iF | 


“TABLE ll. Mode Select Truth Table 


2330A ae: .2331A/32A RF | Pwdn 


| "Negative = Normal Operation | LOW | | ga/33 | | 64/65 Pwrd | Pwrd Up | 


a a 


Note 1: The Icp, LOW current state = 1/4 x lepy -HIGH current. 


Note 2: Activation of the IF PLL or RF PLL powerdown modes result in the disabling of the respective N counter divider and debiasing of its respective fiy inputs (to - 
a high impedance state). Powerdown forces the respective charge pump and phase comparator logic to a TRI-STATE condition after charge pump event. 
The R counter functionality does not become disabled until both IF and RF powerdown bits are activated. The MICROWIRE™ control peolstet remains 
active amd capable of loading and latching data during all of the powerdown modes. — ; 


- TABLE Ill. The FoLD (Pin 10) Output Truth Table: 


SS A SS 
a a 
OS 
Poe 0 Lock Detect Notes) | 
x0 etree Divider Outout 
[xt i etree Diver Output 
ce ae ee 


= a IF Programmable Divider Output _ 


ee 

P10 Programmable Divider Output 
rato cto) 
pa Forint se Gniy | 
Frinton se only 
re ee 


X = don't care condition : 
Note 1: When the FLD output is disabled, it is ; actively ‘ned to a low or state. 


Note 2: Lock detect output provided to indicate when the VCO frequency is in “lock.” When the loop is locked and a lock detect mode is selected, the pins output 
is HIGH, with narrow pulses LOW. In the RF/IF lock detect mode a locked condition is indicated when RF and IF are both locked. 

Note 3: The Fastlock mode utilizes the FLD output pin to switch a second loop filter damping resistor to ground during fastlock operation. Activation of Fastlock 
occurs whenever the RF loop’s Icpo magnitude bit #17 is selected HIGH (while the #19 and #20 mode bits are set for Fastlock). 

Note 4: The Counter Reset mode bits R19 and R20 when activated reset all counters. Upon removal of the Reset bits then N counter resumes counting in “close” 
alignment with the R counter. (The maximum error is one prescalar cycle.) If the Reset bits are activated the R counter is also forced to Reset, allowing 
smooth acquisition upon powering up. 
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Functional Description (Continued) 


PHASE DETECTOR POLARITY VCO Characteristics 


Depending upon VCO characteristics, R16 OH should be set 
accordingly: (see figure right) 


When VCO characteristics are positive like (1), R16 
should be set HIGH; VCO 


When VCO characteristics are negative like (2), R16 Eee 
should be set LOW. 


(2) 


VCO INPUT VOLTAGE 
: TL/W/12331-16 


SERIAL DATA INPUT TIMING 


DATA N20: MSB N1 CONTROL BIT: LSB 


(R20: MSB) (R6) (R1) CONTROL BIT: LSB 


TL/W/12331-17 
Notes: Parenthesis data indicates programmable reference divider data. 
Data shifted into register on clock rising edge. 
Data is shifted in MSB first. 


Test Conditlons: The Seria! Data Input Timing is tested using a symmetrical waveform around Vcoc/2. The test waveform has an edge rate of 0.6V/ns with 
amplitudes of 2.2V @ Vcc = 2.7V and 2.6V @ Voc = 5.5V. 


PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS 


H 


| eeeegaet ack: cH fanaa eos Wil acs | 


f, > fp f, < fp f, <f 
aoe TL/W/12331-18 
Notes: Phase difference detection range: —27 to +27 
The minimum width pump up and pump down current pulses occur at the Dg pin when the loop is locked. 


R16 = HIGH 
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VZEECXNT/VLEECXINT/VOEECXINT 


LMX2330A/LMX2331A/LMX2332A 


Typical Application Example 








100p 
From 
—— Controller 





100p fix 'F J fin 'F Y GND Clock 


LMX233xA 


Crystal Osc. 
Input . 


100p 


10 pF 


Operational Notes: 

* — VCO is assumed AC coupled. 

** Rin increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 1029 to 200M depending on the VCO power 
lavel. fy RF impedance ranges from 402 to 1002. fy IF impedances are higher. 

*** 502 termination is often used on test boards to allow use of external reference oscillator. For most typical products a CMOS clock is used and no terminating 
resistor is required. OSCj, may be AC or DC coupled. AC coupling is recommended because the input circuit provides its own bias. (See Figure below) 


TL/W/12331~-19 


100 ka. 





TL/W/12331-20 


Proper use of grounds and bypass capacitors is essential to achieve a high level of performance. Crosstalk between pins can be reduced by careful board 
layout. 
This is a static sensitive device. It should be handled only at static free work stations. 


1-72 


Application Information 


A block diagram of the basic phase locked loop is shown in Figure 7. 


PHASE 
DETECTOR 


REFERENCE 


cRyetat DIVIDER 


REFERENCE 


reference 


e 
{ Frequency frequency 


( Synthesizer ! 
rs 


FIGURE 1. Basic Charge Pump Phase Locked Loop 


LOOP GAIN EQUATIONS 


A linear control system model of the phase feedback for a 
PLL in the locked state is shown in Figure 2. The open loop 
gain is the product of the phase comparator gain (Kd), the 
VCO gain (Kyco/s), and the loop filter gain Z(s) divided by 
the gain of the feedback counter modulus (N). The passive 
loop filter configuration used is displayed in Figure 3, while 
the complex impedance of the filter is given in equation 2. 





TL/W/12331-23 


FIGURE 2. PLL Linear Model 


~ TL/W/12331-22 


FIGURE 3. Passive Loop Filter 
Open loop gain = H(s) G(s) = Oi/Oe 
= Kg 2(s) Kyco/Ns (1) 
s (C2 ¢ R2) + 1 


2(8) = 2 (G1eC2R2) + sCl + SCP (2) 


The time constants which determine the pole and zero fre- 
quencies of the filter transfer function can be defined as 
Ci¢C2 


Te Be Grace 


(3a) 
and 

T2 = R2¢C2 (3b) 
The 3rd order PLL Open Loop Gain can be calculated in 


terms of frequency, a, the filter time constants T1 and T2, 
and the design constants Ky, Kyco, and N. 


Kb * Kyco (1 + joe T2) 71 


G(s) * H(s)|s = jew ~ eeCteN(1 +joeTi)  T2 (4) 


CHARGE 
PUMP 


» TL/W/12331-21 


From equation 3 we can see that the phase term will be 
dependent on the single pole and zero such that the phase 
margin is determined in equation 5. 

o(w) = tan—1 (w @ T2):— tan—1(w © T1) + 180° (5) 
A plot of the magnitude and phase of G(s)H(s) for a stable 
loop, is shown in Figure 4 with a solid trace. The parameter 
op shows the amount of phase margin that exists at the 
point the gain drops below zero (the cutoff frequency wp of 
the loop). In a critically damped system, the amount of 
phase margin would be approximately 45 degrees. 


If we were now to redefine the cut off frequency, wp’, as 
double the frequency which gave us our original loop band- 
width, wp, the loop response time would be approximately 
halved. Because the filter attenuation at the comparison fre- 


* quency also diminishes, the spurs would have increased by 


approximately 6 dB. In the proposed Fastlock scheme, the 
higher spur levels and wider loop filter conditions would ex- 
ist only during the initial lock-on phase—just long enough to 


’ reap the benefits of locking faster. The objective would be 
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to open up the loop bandwidth but not introduce any addi- 
tional complications or compromises related to our original 
design criteria. We would ideally like to momentarily shift the 
curve of Figure 4 over to a different cutoff frequency, illus- 
trated by the dotted line, without affecting the relative open 
loop gain and phase relationships. To maintain the same 
gain/phase relationship at twice the original cutoff frequen- 
cy, other terms in the gain and phase equations 4 and 5 will 
have to compensate by the corresponding ‘1/w” or ‘1/w2” 
factor. Examination of equations 3 and 5 indicates the 
damping resistor variable R2 could be chosen to compen- 
sate the “w’” terms for the phase margin. This implies that 
another resistor of equal value to R2 will need to be 
switched in parallel with R2 during the initial lock period. We 
must also insure that the magnitude of the open loop gain, 
H(s)G(s) is equal to zero at wp’ = 2wp. Kyco, Kd, N, or the 
net product of these terms can be changed by a factor of 4, 
to counteract the w2 term present in the denominator of 
equation 3. The Kd term was chosen to complete the trans- 
formation because it can readily be switch between 1X and 
4X values. This is accomplished by increasing the charge 
pump output current from 1 mA in the standard mode to 
4 mA in Fastlock. 





VZSETXW1/VIEETXINT/VOSEZXNT 


LMX2330A/LMX2331A/LMX2332A 


Application Information (continued) 


Gain 


IG(s) H(s)| 


Frequency 


FIGURE 4. Open Loop Response Bode Plot 


FASTLOCK CIRCUIT IMPLEMENTATION 


A diagram of the Fastlock scheme as implemented in Na- 
tional Semiconductors LMX233xA PLL is shown in Figure 5. 
When a new fr rquency is loaded, and the RF Icp, bit is set 
high the charge pump circuit receives an input to deliver 4 
times the normal current per unit phase error while an open 
drain NMOS on chip device switches in a second RZ resis- 
tor element to ground. The user calculates the loop filter 


component values for the normal steady state considera- 


tions. The device, configuration ensures that as long as a 


second identical damping resistor is wired in appropriately, 


"MAIN DIVIDER 


PHASE 
DETECTOR 


REFERENCE 


CRYSTAL DIVIDER 


REFERENCE 


Fastlock 


TL/W/12331-29 


the loop will lock faster without any additional stability con- 


siderations to account for. Once locked on the correct fre- 
quency, the user can return the PLL to standard low noise 
operation by sending a MICROWIRE instruction with the RF 
Icp bit set low. This transition does not affect the charge on 
the loop filter capacitors and is enacted synchronous with 
the charge pump output. This creates a nearly seamless 
change between Fastlock and standard mode. 


CHARGE 


TL/W/12331-30 


FIGURE 5. Fastlock PLL Architecture 
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AV rational Semiconductor 


LMX2335/LMX2336/LMX2337 


PRELIMINARY 


PLLatinum™ Dual Frequency Synthesizer 
for RF Personal Communications 


LMX2335 1.1 GH2/1.1 GHz 


LMX2336 2.0 GH2/1.1 GHz 
LMX2337 550 MH2/550 MHz 


General Description 


The LMX2335, LMX2336 and LMX2337 are monolithic, inte- 
grated dual frequency synthesizers, including two high fre- 
quency prescalers, and are designed for applications requir- 
ing two RF phase-lock loops. They are fabricated using Na- 
tional’s ABiC IV silicon BiCMOS process. 


The LMX2335/36/37 contains two dual modulus prescal- 
ers. A 64/65 or a 128/129 prescaler can be selected for 
each RF synthesizer. A second reference divider chain is 
included in the IC for improved system noise. Using a digital 
phase locked loop technique, the LMX2335/36/37 can gen- 
erate two very stable, low noise signals for the RF local 
oscillators. 

Serial data is transferred into the LMX2335/36/37 via a 
three wire interface (Data, Enable, Clock). Supply voltage 
can range from 2.7V to 5.5V. The LMX2335/36/37 feature 
very low current consumption; LMX2335/37 —9 mA at 3V, 
LMX2336 —13 mA at 3V. The LMX2335/37 are available in 
a JEDEC 16-pin surface mount plastic package. The 
LMX2336 is available in a TSSOP 20-pin surface mount 
plastic package. 


Functional Block Diagram 


RF2 18-BIT RF2 
Prescalar N COUNTER 
15-BIT RF2 
R COUNTER 


Sanne BIT RF1 
Sanne COUNTER 


Ea ea BIT RF 


Ea N ea i 


ata BIT 
DATA ata 


Features 


' @ 2.7V to 5.5V operation 


mw Low current consumption 
m™ Selectable powerdown mode: 

Ico = 1 pA (typ) 
mg Dual modulus prescaler: 64/65 or 128/129 
m Selectable charge pump TRI-STATE® mode 
mw Selectable charge pump current levels 
™ Selectable Fastlock™™ mode 


Applications 
m Cellular telephone systems (AMPS, ETACS, RCR-27) 
™ Cordless telephone systems 
(DECT, ISM , PHS, CT-1+) 
m Personal Communication Systems 
(DCS-1800, PCN-1900) 
m Dua! Mode PCS phones 
m CATV 
m Other wireless communication systems 


CHARGE 
PUMP 


Hs | PHASE 
COMP. J 


CHARGE 
PUMP 


FASTLOCK 


TL/W/12332-1 
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LEESXINT/9EECXIN T/SEECXINT 


‘ Connection Diagrams 
Small Outline Molded Package (M) _ 7 oe : LMX2336 


0 


Top View 
16 

Top View 
415 


LMX2335/LMX2336/LMX2337 


TL/W/12332-2 


Order Number LMX2335M/LMX2337M : 2 
NS Package Number M16A : : TL/W/12332-16 
Order Number LMX2336TM 
NS Package Number MTC20 


Pin Description 


Pin No. oe = 
1 Vcc! Power supply voltage input. Input may range from 2.7V to 5.5V. Veal must equal 
Vcc2. Bypass capacitors should be placed as close as possible to this pin and be 
connected directly to the ground plane. . 


ee ae Eee ee Power supply for RF1 charge pump. Must be = Vcc. 


Dol RF1 charge pump output. For connection to a loop filter for driving the input of an 
external VCO. 


| 4 jenn | | Grouna : 
| 5 dl tint ft First RF prescaler input. Small signal input from the VCO. 


fin 1 RF 1 prescaler complimentary input. A bypass capacitor should be placed as close 
as possible to this pin and be connected directly to the ground plane. Capacitor is 
optional with loss of some sensitivity. 
| 7 | ann |__| Groung. | a 


OSCin Oscillator input. The input has a Vcc/2 input threshold and can be driven from an 
external CMOS or TTL logic gate. 


Oscillator output. 


Multiplexed output of the programmable or reference dividers, lock detect signals 
and Fastlock mode. CMOS output (see Programmable Mades). = 


High impedance CMOS Clock input. Data for the various latches is clocked in on 
the rising edge, into the 20-bit shift register. 


Binary serial data input. Data entered MSB first. The last two bits are the control 
bits. High impedance CMOS input. 


Load enable CMOS input. When LE goes HIGH, data stored in the shift registers is 
loaded into one of the 4 appropriate latches (control bit dependent). 


rs 
Q 
re) 


< 
Dw) 


Ground. 


RF2 prescaler complimentary input. A bypass capacitor should be placed as close 
as possible to this pin and be connected saci to the ground plane. Capacitor is 
optional with loss of some sensitivity. 


RF2 prescaler input. Small signal input from the VCO. 


a | oo = 
“N | OQ ai 


Ground. 


RF2 charge pump output. For connection to a loop filter for driving the input of an 
external VCO. 


Power supply for RF2 see pump. Must be = Vcc. 


Power supply voltage input. Input may range from 2.7V to 5.5V. Vcoc2 must equal 
Vcc1. Bypass capacitors should be placed as close as possible to this pin and be 
connected directly to the ground plane. 
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Block Diagram 


1/1 Fout/ 


RF1 Charge Lock Detect/ RF2 Charge 
RF4 Fastlock RF2 


Lock Multiplexer Lock 
Detect Detect 
RF1 RF2 


Phase 


Detector Detector 


Swallow Swallow 
Control : Control 


Prescalar Programmable Programmable Prescalar 
(64/65 or 18-Bit (RF1) 18-Bit (RF2) (64/65 or 
128/129) N-Counter N-Counter 128/129) 


1-Bit RFI 1-Bit PI (RF 1) 18-Bit N-Latch (RF2) 18-Bit N-Latch P4y_piy po 1-Bit RF2 
PWDN Latch | Latch PWON 


S5-Bit Mode Latch rT 15-Bit R1-Latch Bi 


Latch 
> n Programmable 15-Bit Decode 


(R1) Reference Counter 


Control 
Latch 


Programmable 15-Bit 
(R2) Reference Counter z 20-Bit Shift Register aceite 
S-Bit Mode Latch 15-Bit R2 Latch 
8/10 
9/11 





Clock 


TL/W/12932-17 — 


LMX2335/37 Pin # —> 8/10 <— LMX2336 Pin # 
PinName — F,LD 
X signifies a function not bonded out to a pin 


Note 1: Vcci supplies power to the RF1 prescalar, N-counter and phase detector. Vcc2 supplies power to the RF2 prescaler, N-counter and phase detector, RF1 
and RF2 R-dividers along with the OSCjy buffer and all digital circuitry. Vcc! and Vcc2 are separated by a diode and must be run at the same voltage level. 


Note 2: Vp1 and Vp2 can be run independently as long as Vp 2 Vcc. 
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LEESXIN1/9EECXIN1/SEECXWT 


LMX2335/LMX2336/LMX2337 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. - 
Power Supply Voltage , 
Vcc - . 7 0.3V to +6.5V 
Vp : —0.3V to +6.5V 
Voltage on Any Pin 
with GND = OV (Vj) -. 
Storage Temperature Range (Ts) 
Lead Temperature (solder 4 sec.) (T,) 


—0.3V to +6.5V 
—65°C to + 150°C 
+ 260°C 


_ Power Supply Voltage 


Recommended Operating 
Conditions 


Voc ; : 2.7V to 5.5V 
Vp . : : oe Vcc to + 5.5V 
Operating Temperature (Ta) —40°C to + 85°C 


Note 1: Absolute Maximum Ratings indicate limits, beyond which damage to 


’ the device may occur. Recommended Operating Conditions indicate condi- 


tions for which the device is intended to be functional, but do not guarantee 
specific performance limits. For guaranteed specifications and test condi- 
tions, see the Electrical Characteristics. The guaranteed specifications apply 
only for the test conditions listed. 


Electrical Char acter istics Voc = 5.0V, Vp = 5.0V; —40°C < Ta < 85°C, except as specified 


Voc = 2.7Vto5.5V 


Symbol 


loc Power Supply LMX2335/37 
Current RF1 and RF2 


loc LMX2335/37 RF1 only | Vcc 2.7V to 5.5V fe Nee ae 


loc er oe LMX2336 - | Vog = 2.7V to 5.5V 
eats 3 ~ | RF1 and RF2 
LMX2336 RF1 only Voc = 2.7V to §.5V 


fin 1 Operating Frequency | LMX2335 

fin 2 : 
fin 

fin2 
fin 1 
fin 2 


ICc-PWDN Voc = 5.5V 


Powerdown Current | LMX2335/2336 
LMX2337 


fosc Maximum Oscillator Frequency — 
fosc__ 


fg Maximum Phase Detector Frequency 


Pfin RF Input Sensitivity : _ 
Pfin 


No load on OSCout 


Voc = 3.0V,f>100MHz | -15 | =| +4 | 
Veo = 5.0V,f>100MHz | -1o | =| +4 
Voc = 2.7to5.5V,f<100MHz|'-10 | | o | 


OSCin pos | | 
[0.8Vec| | 


ae ee | 
cs ae 
Pare | | 10 | 
ae ae 
P= 
eee re 
ras 


Vin = Voo = 5.5V** 

Vi. = OV, Voc = 5.5V** 

Vin = Veo = 5.5V 

Vi. = OV, Voo = 5.5V 
IDg-SOURCE | Charge Pump Output Current Vb, = Voc/2, Icp, = LOW* 
VDy = Voc/2, Icp, = LOW* 
VD = Voc/2, Icp, = HIGH* 
IDo-SINK VDo = Voec/2, Icp, = HIGH* 


IDo-TRI Charge Pump LMX2335 0.5V < Vp, < Voc — 0.5V 
TRI-STATE Current | LMX2336 T = 25°C 

IDo-TRI Charge Pump LMX2337 0.5V < Vp, < Voc — 0.5V 
TRI-STATE Current T = 26°C 
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IDg-SINK 


ID9-SOURCE 





Electrical Characteristics Voc = 5.0V, Vp = 5.0V; —40°C < Ta < 85°C, except as specified (Continued) 


Parameter Conditions 


F clock Fuse width Figh | See batainputtiming | 50 | | 
F clock Fuse Wish Low | Seo Datainputiming | 50 [| 
[clock to Load Enable SeiupTine | See Data nputTiming | 60 | [| 
F toad Enable Pusewiath | See Data mput Timing [50 | | 


*See PROGRAMMABLE MODES for Icp, description. 
**Clock, Data and LE does not include fiy1, fine and OSCjp. 





1-79 


LEECXINT/9EECXINT/SEECXWT 


LMX2335/LMX2336/LMX2337 


Typical Performance Characteristics (continued) 


lec VS Vec lec VS Vec 
LMX2335/37 LMX2336 


TL/W/12332-19 TL/W/12332-20 


Charge Pump Current vs Do Voltage Charge Pump Current vs Dy Voltage 
Icp = HIGH lcp = LOW 


ae ey 


ia ied aE 


D, Current (mA) 
D, Current (mA) 





“6 a oil 


005 1 145 2 25 3 35 4 45 5 55 7 0 05 15 2 25 3 35 4 45 5 55 
D, Voltage (V) D, Voltage (V) 
TL/W/12332-21 TL/W/12332-22 


LMX2335 Input Impedance LMX2336 Input Impedance 
Vec = 2.7V to 5.5V, fin = 50 MHz to 1.5 GHz Voc = 2.7V to 5.5V, fin = 50 MHz to 2.5 GHz 


TL/W/12332-23 TL/W/12332-24 


Marker 1 = 1 GHz, Real = 94, Image = —118 Marker 1 1 GHz, Real = 97, Image = —146 
Marker 2 = 1.2 GHz, Real = 72, Image = —88 Marker 2 = 1.89 GHz, Real = 43, Image = —67 
Marker 3 = 1.5 GHz, Real = 53, Image = —45 Marker 3 = 2.5 GHz, Real = 30, Image = —33 
Marker 4 = 500 MHz, Real = 201, Image = —224 Marker 4 = 500 MHz, Real = 189, Image = —233 
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Typical Performance Characteristics (Continua) 


Ipo TRI-STATE LMX2335/37 RF1 Sensitivity vs Frequency 
-vs Do Voltage : = 


Sensitivity (dBm) 


LEESXINT1/9EECXINT/SEECXINT 


1100 1300 1500 


D, VOLTAGE (V) _ Frequency (MHz) 


TL/W/12332-25 TL/W/12332-26 


LMX2335/37 RF2 Sensitivity vs Frequency LMX2336 RF1 Sensitivity vs Frequency 


~ =~ 
—E £ 
o oO 
oO mo) 
— ~~ 
=~ > 
mg r= 
= > 
= = 
a a 
c c 
o o 
“ 2) 


900 1200 1500 600 1000 1400 1800 2200 
800 1200 1600 2000 2400 


Frequency (MHz) 
TL/W/12332-27 Frequency (MHz) 


TL/W/12332-28 


LMX2336 RF2 Sensitivity vs Frequency Oscillator Input Sensitivity vs Frequency 
0.200 





0.063 


Sensitivity (dBm) 
Sensitivity (dBm) 
Oo 
° 
BR 
Oo 
Sensitivity (Vpp) 


900 1100 1300 1500 Frequency (MHz) 
Frequency (MHz) TL/W/12332-30 
TL/W/12332-29 
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LMX2335/LMX2336/LMX2337 


Functional Description 


The simplified block diagram below shows the 22-bit data register, two 15-bit R Counters and two 18-bit N Counters (intermedi- 
ate latches are not shown). The data stream is clocked (on the rising edge of LE) into the DATA input, MSB first. The last two 
bits are the Control Bits. The DATA is transferred into the counters as follows: 


Control Bits 
7 
a 
a 
Le 


RF2 18-BIT RF2 
Prescalar N COUNTER CHARGE 
PUMP 


15-BIT RF2 LD 
R COUNTER 


15-BIT RFI 
R COUNTER 
~ PHASE CHARGE 
COMP. PUMP 


RFi 18~BIT RF1 
Prescalar ? || = 


22-BiT 
DATA REGISTER FASTLOCK 





TL/W/12332-1 
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Functional Description (continued) 


PROGRAMMABLE REFERENCE DIVIDERS (RF1 AND RF2 R COUNTERS) 


If the Control Bits are 00 or 01 (00 for RF2 and 01 for RF1) data is transferred from the 22-bit shift register into a latch which sets 
the 15-bit R Counter. Serial data format is shown below. 


LSB 


Cipc2 
: he i 
a, Pol ratio of the reference divider, bl Program Modes - 


(Control bits) 
TL/W/12332-4 


15-BIT PROGRAMMABLE REFERENCE DIVIDER RATIO (R COUNTER) 


Divide 
pee 


ele [ole alla lalsish le 
jess [|e] sl elelels| sl e[s1s]¢) 
jeeren al Te ee 


Notes: Divide ratios less than 3 are prohibited. 
Divide ratio: 3 to 32767 


R1 to R15: These bits select the divide ratio of the programmable 
reference divider. 


Data is shifted in MSB first. 





PROGRAMMABLE DIVIDER (N COUNTER) 


Each N counter consists of the 7-bit swallow counter (A counter) and the 11-bit programmable counter (B counter). If the Control 
Bits are 10 or 11 (10 for RF2 counter and 11 for RF1 counter) data is transferred from the 20-bit shift register into a 7-bit latch 
(which sets the Swallow (A) Counter) and an uu -bit latch (which sets the 11-bit programmable (B) Counter), MSB first. Serial 
data format is shown below. 


LSB 


C14C2 NIN NINJINITN 
415 12413414415 


Divide ratio of the reference divider, N 





It (Control bits) 


TL/W/12332-5 


7-BIT SWALLOW COUNTER DIVIDE RATIO (A COUNTER) 


Notes: Divide ratio: 0 to 127 
BoA 
A<P 
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LEESXINT/SEECXINT/SEECXWI 





LMX2335/LMX2336/LMX2337 


Functional Description (Continued) 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO (B COUNTER) 


Note: Divide ratio: 3 to 2047 (Divide ratios less than 3 are prohibited) 
B2A 


PULSE SWALLOW FUNCTION 
fyco = [(P x B) + A] X fosc/R - | a 
fyco: Output frequency of external voltage controlled oscillator (VCO) 
B: Preset divide ratio of binary 11-bit programmable counter (3 to 2047) 


A: Preset divide ratio of binary, T-bit swallow counter . 
(0<A<P;A<B8B) | 


fosc: Output frequency of the external reference frequency oscillator . 
R: Preset divide ratio of binary 15-bit programmable reference counter (3 to 32767) ~ 
P: Preset modulus of dual modulus prescaler (P = 64 or tee). 


PROGRAMMABLE MODES 


Several modes of operation can be programmed with bits R16-R19 including the phase detector polarity, charge pump tristate 
and the output of the FoLD pin. The prescaler and power down modes are selected with bits N19 and N20. The programmable 
modes are shown in Table |. Truth table for the programmable modes and F,LD output are shown in feb ll and Table Iil. ° 


a 1 ac ae Re 


: z — fe Phase ee lop, |. ee] Do RF2 eS RF2 Fy 
Detector Polarity TRI-STATE 

1 RF1 Phase RF1 Ip, RF1 Do RF1LD } RF1 Fo. 
Detector Polarity TRI-STATE 


RF2 . Pwdn 

Prescaler RF2 

1 RF1 Pwdn 
Prescaler RF1 
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Functional Description (continued) 


TABLE II. Mode Select Truth Table 


Phase Detector Polarity(3) | D, TRI-STATE = Ae geal 
Prescaler | Prescaler 


}o| Negative __| Normal Operation 64/65_| 64/65 
f+] Positive TRISTATE | HIGH | 128/129 | 128/129 


Note 1: The Icp, LOW current state = 1/4 x Icp, HIGH current. ; 


Note 2: Activation of the RF2 PLL or RF1 PLL powerdown modes result in the disabling of the respective N counter divider and debiasing of its respective fj, inputs 
(to a high impedance State). Powerdown forces the respective charge pump and phase comparator logic to a TRI-STATE condition. The R counter and 
Oscillator functionality does not become disabled until both RF2 and RF1 powerdown bits are activated. The OSCj, pin reverts to a high impedance state 
when this condition exists. The MICROWIRE™ control register remains active and capable of loading and latching data during all of the powerdown 
modes. 

PHASE DETECTOR POLARITY ; VCO Characteristics 
Depending upon VCO characteristics, the R16 bits should be set 

accordingly: 

When VCO characteristics are positive like (1), R16 should be set 

HIGH; vco 


When VCO characteristics are negative like (2), R16 should be set OUTPUT 
LOW. FREQUENCY 


VCO INPUT VOLTAGE 
TL/W/12332-7 


TABLE III. The FoLD Output Truth Table 


FoLD 
Output State 
Disabled (Note 1) 
RF2 Lock Detect (Note 2) 


RF1 Lock Detect (Note 2) 
RF1/RF2 Lock Detect (Note 2) 
RF2 Reference Divider Output 





X—don't care condition 
Note 1: When the F,LD output is disabled it is actively pulled to a low logic state. 


Note 2: Lock detect output provided to indicate when the VCO frequency is in “‘lock’’. When the loop is locked and a lock detect mode is selected, the pins output 
is HIGH, with narrow pulses LOW. In the RF1/RF2 lock detect mode a locked condition is indicated when RF2 and RF1 are both locked. 


Note 3: The Fastlock mode utilized the FgLD output pin to switch a second loop filter damping resistor to ground during fastlock operation. Activation of Fastlock 
occurs whenever the RF loop’s Icpo magnitude bit #17 is selected HIGH (while the #19 and #20 mode bits are set for Fastlock). 


Note 4: The Counter Reset mode bits R19 and R20 when activated reset all counters. Upon removal of the Reset bits the N counter resumes counting in ‘‘close" 
alignment with the R counter. (The maximum error is one prescalar cycle). If the Reset bits are activated the R counter is also forced to Reset, allowing smooth 
acquisition upon powering up. 
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LEESXINT/SEECXINT/SEECXINT 


LMX2335/LMX2336/LMX2337 


Functional Description (Continued) 


SERIAL DATA INPUT TIMING 


DATA N20: MSB . — NTS CONTROL BIT: LSB 


(R20: MSB) a: © (R6)..—(R1) conTROL BIT: LSB 


TL/W/12332-8 
Notes: Parenthesis data indicates programmable reference divider data. 
Data shifted into register on clock rising edge. 
Data is shifted in MSB first. 


Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Voc/2. The test waveform has an edge rate of 0.6V/ns with 
amplitudes of 2.2V @ Vcc = 2.7V and 2.6V @ Voc = 5.5V. 


PHASE COMPARATOR AND INTERNAL CHARGE PUMP CHARACTERISTICS 


sees Uaneeeedpnn : i fee rc Py 


f, > fp f < fy f, < fp {, < te 
Bo fats . TL/W/12332-9 
Notes: Phase difference detection range: — 27 to +27 


The minimum width pump up and pump down current pulses occur at the Dy pln when the men is locked. 
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Typical Application Example 


LMX2335/36/37 


LEETXW1/9EESXW1/SEECXNT 


“= RF2 VCO 
x/15 Tenth RF, 


11/13 
i SCI 
' 


Operational Notes: TEM ee~ 10 , 


* VCO is assumed AC coupled. ; 
Rin increases impedance so that VCO output power is provided to the load rather than the PLL. Typical values are 10 to 200N depending on the VCO power 
level. fi RF impedance ranges from 402 to 100N. fix IF impedances are higher. : : Fe : 
502. termination is often used on test boards to allow use of external reference oscillator. For most typical products a CMOS clock is ised and no terminating 
resistor is required. OSCj, may be AC or DC coupled. AC coupling is recommended because the input circuit provides its own bias. (See Figure below). 


100k 


TL/W/12332~11 


Proper use of grounds and bypass capacitors Is eo to achieve a high tevel of performance. Crosstalk between pins can be reduced by careful board 
layout. 
- This is.a static sensitive device. It should be handled only at static free work stations. 
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LMX2335/LMX2336/LMX2337 


Application Information 


A block diagram of the basic phase locked loop is shown in Figure 7. 


MAIN DIVIDER | 


_ PHASE . 
DETECTOR 


REFERENCE 


"CRYSTAL DIVIDER 


REFERENCE . 
1 Frequency 
{Synthesizer § 
a 


FIGURE 1. Conventional PLL Architecture 


Loop Gain Equations 


A linear control system model of the phase feedback for a 
PLL in the locked state is shown in Figure 2. The open loop 
gain is the product of the phase comparator gain (Kg), the 
VCO gain (Kyco/s), and the loop filter gain Z(s) divided by 
the gain of the feedback counter modulus (N). The passive 
loop filter configuration used is displayed in Figure 3, while 
the complex impedance of the filter is given in equation 2. 





TL/W/12332-14 


FIGURE 2. PLL Linear Model 
vco 


° 


R2 


ai 


FIGURE 3. Passive Loop Filter 


eae 


TL/W/12332-13 


Open 
too = H(s) Gis) = 2 = Ke 418) Kvoo (1) 
gain Ge Ns 

s(C2 ¢ R2) +1 (2) 
S2 (C1 e C2 e R2) + sC1 + sC2 
The time constants which determine the pole and zero fre- 
quencies of the filter transfer function can be defined as 
C1¢C2 
C1 + C2 
T2 = R2¢eC2 


Z(s) = 


T1 =R2e (3a) 


(3b) 
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CHARGE 


PUMP 


TL/W/12332-12 


The 3rd order PLL Open Loop Gain can be calculated in 
terms of frequency, w, the filter time contants T1 and T2, 
and the design constants Kd, Kyco, and N. 


- —Kdb ®Kyco (1 + jwe T2)_ 1 
H SS 0 — (4 
GereHe) =jew w2C1eN(1+jweT1) T2 (4) 
From equation 3 we can see that the phase term will be 
dependent on the single pole and zero such that the phase 


margin is determined in equation 5. 
o(w) = tan—1 (w © T2) —tan—1 (w © T1) + 180°C (5) 
A plot of the magnitude and phase of G(s) H(s) for a stable 


loop, is shown in Figure 4 with a solid trace. The parameter 
$p shows the amount of phase margin that exists at the 


‘point the gain drops below zero (the cutoff frequency wp of 


the loop). In a critically damped system, the amount of 
phase margin would be approximately 45 degrees. 


If we were now to redefine the cut off frequency, wp’, as 
double the frequency which gave us our original loop band- 
width, wp, the loop response time would be approximately 
halved. Because the filter attenuation at the comparison fre- 
quency also diminishes, the spurs would have increased by 
approximately 6 dB. In the proposed Fastlock scheme, the 
higher spur levels and wider loop filter conditions would ex- 
ist only during the initial lock-on phase—just long enough to 
reap the benefits of locking faster. The objective would be 
to open up the loop bandwidth but not introduce any addi- 
tional complications or compromises related to our original 
design criteria. We would ideally like to momentarily shift the 
curve Figure 4 over to a different cutoff frequency, illustrat- 
ed by dotted line, without affecting the relative open loop 
gain and phase relationships. To maintain the same gain/ 
phase relationship at twice the original cutoff frequency, 
other terms in the gain and phase equations 4 and 5 will 
have to compensate by the corresponding ‘1/w” or “1/w2” 
factor. Examination of equations 3 and 5 indicates the 
damping resistor variable R2 could be chosen to compen- 
sate with ‘‘w” terms for the phase margin. This implies that 
another resistor of equal value to R2 will need to be 
switched in parallel with R2 during the initial lock period. We 
must also insure that the magnitude of the open loop gain, 
H(s)G(s) is equal to zero at wp’ = 2 wp. Kyco, Kd, N, or the 
net product of these terms can be changed by a factor of 4, 
to counteract with w2 term present in the denominator of 





Application Information (continued) 


equation 3. The Kd term was chosen to complete the trans- 
formation because it can readily be switched between 1X 
and 4X values. This is accomplished by increasing the 
charge pump output current from 1 mA in the standard 
mode to 4 mA in Fastlock. 


Fastlock Circuit Implementation 


A diagram of the Fastlock scheme as implemented in Na- 
tional Semiconductors LMX2335/36/37 PLL is shown in 
Figure 5. When a new frequency is loaded, and the RF1 
IcPo bit is set high, the charge pump circuit receives an input 
to deliver 4 times the normal current per unit phase error 
while an open drain NMOS on chip device switches in'a 


Gain 


G(s) H(s)| 


Frequency 


second R2 resistor element to ground. The user calculates 
the loop filter component values for the normal steady state 
considerations. The device configuration ensures that as 
long as a second identical damping resistor is wired in ap- 
propriately, the loop will lock faster. without-any additional 
stability considerations to account for. Once locked on the 
correct frequency, the user can return the PLL to standard 
low noise operation by sending a MICROWIRE instruction 
with the RF1 Icpo bit set low. This transition does not affect 
the charge on the loop filter capacitors and is enacted syn- 
chronous with the charge pump output. This creates a near- 
ly seamless change between Fastlock and standard mode. 


Phase 
ZG(s)H(s) . 


TL/W/12332-15 


FIGURE 4.Open Loop Response Bode Plot 


MAIN DIVIDER 


PHASE 
DETECTOR 


REFERENCE 
DIVIDER 


CRYSTAL 
REFERENCE 


Fastlock 


Qe re peer rr errs s ress 


CHARGE — 


PUMP 
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FIGURE 5. Fastlock PLL Architecture 
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LEECXINT/9EECXIN1/SEECXW1 


LMX3160 


AV rational Semiconductor 


ADVANCE INFORMATION 


LMX3160 Single Chip Radio Transceiver 


General Description 


The Single Chip Radio Transceiver is a monolithic, integrat- 
ed radio transceiver optimized for use in the Digital Europe- 
an Cordless Telecommunications (DECT) system as well as 
other mobile telephony and wireless communications appli- 
cations. It is fabricated using National’s ABiC V BiCMOS 
process (ff = 18 GHz). 

The Single Chip Radio Transceiver contains both transmit 
and receive functions. The transmitter includes a 1.1 GHz 
phase locked loop (PLL), a frequency doubler, and a high 


frequency buffer. The receiver consists of a 2.0 GHz low | 


noise mixer, an intermediate frequency (IF) amplifier, a high 
gain limiting amplifier, a frequency discriminator, a received 
signal strength indicator (RSSI), and an analog DC compen- 
sation loop. The PLL, doubler, and buffers can be used to 
implement open loop modulation. The circuit features an on- 
board voltage regulator.to allow wide supply voltages. In 
addition, the on board voltage regulator has two outputs for 
regulated discrete stages in the Rx and Tx chain. 

The IF amplifier, high gain limiting amplifier, and discrimina- 
tor operate in the 40 to 150 MHz frequency range, and the 
total IF gain is 85 dB. The use of the limiter and the discrimi- 
nator provides a low. cost, high performance demodulator 


Rx Vreg Fin = Yee 


.@ RF sensitivity to 


for communications systems. The RSSI output can be used | _ 
for channel quality monitoring. . 

The Single Chip Radio Transceiver is available in a 48-pin 
7mm X 7mm X 1.4mm PQFP surface mount plastic pack- 
age. 


Features 

@ Single chip solution for DECT RF transceiver 

-93 dBm; RSSI sensitivity to 
—100 dBm 

@ Two regulated voltage outputs for discrete amplifier 
Vcc 

@ High gain (85 dB) intermediate frequency strip 

m Allows unregulated 3.0V-5.5V supply voltage range 

mw Power down mode for increased current savings 

m System noise figure 5.4 dB (typ) 


Applications 

@ Digital European Cordless Telecommunications (DECT) 
@ Portable wireless communications (PCS/PCN, cordless) 
& Wireless local area networks (WLANs) 

Other wireless communications systems 


GND OUTO OUT 1 OUT2 PLL PO 
Fl, RK PD Tx PD 
TL/W/12493-1 


This data sheet contains the design specifications for product development. Specifications may change in any 


manner without notice. 
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LMX3160 Pin Diagram 


48 47 46 45 44 43 42 41 40 39 38 37 


QUAD, 
Voc 
GND 
DISCoyr 
DC COMP) 
THRESH 
RSSloyq 
S FIELD 
OSGy 
LE 
DATA 
CLOCK 


aon Om oO B® WwW Bo 


15 16 17 18 19 20 


OUT 1/Rx PD 
OUT 2/Tx PD 


TL/W/12493-2 


Pin No. | PinName | 1/0 | | Description 


Voc Power supply voltage input to mixer. Connect to VBAT 
MIXERout 


| 
so. 
= 
| — | 
bat 
| — | 
PO: 
| 
GND ea 
[Tour | 0 
| — | 
a 
|= 
ss 


IF output signal of the mixer. 


Power supply voltage input to mixer. Connect to VBAT 


< 
@) 
QO 


Ground. 

RF input to the mixer. 

Ground. 

Supply voltage to external gain stage. 

Power supply voltage input to analog sections of doubler/PLL. Connect to VBAT 


< 
Q 
Q 


; 
2 
3 
4_[ano | 
5 | RFn | 
6 |Gno 
7_|TVres _| 
8 
9 


Ground. 

Doubler output. 

Ground. — 
Power supply voltage input to analog sections of doubler/PLL. Connect to VBAT 


QS 
G | 


Ground. 
Ground. 
RF Input to doubler and PLL. 


Chip Enable. LOW powers down entire part. Before taking HIGH all pwire instructions should be 
loaded for R, N, F latches. Taking CE HIGH will power up the appropriate chip blocks depending on 
the state of bits F6, F7, F14, and F15. The CE state change will also load the PLL N and R counters 
to the correct divide ratios. 


m 
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LMX3160 Pin Diagram (Continued) 


Pin No. 


17 
18 


19 
20 
21 
22 


23 


24 
25 
26 
27 
28 
29 


CG 
Vcc | — | 
fanD | 


Out 1/Rx PD | 1/0 


Out 2/Tx PD 


pPuLeD | 
[lock | 
jBata | 
fie 
posow | 


SField | 


|RSSlour__| 0 


[thresh | 0 


|BocomPn | I 
| DISCoyr | O_ 


Description 
Power supply for charge pump. 


Internal charge pump output. For connection to a loop filter for driving the input of an external 
VCO. 


Power supply input for CMOS section of PLL. Connect to VBAT 
Ground. 
Programmable CMOS output. Can be used for FastLock™ output (See Programmable Modes). 


Programmable CMOS output. Can be used for hardwire receiver power down (See Programmable 
Modes). 


Programmable CMOS output. Can be used for hardwire transmitter power down (See 
Programmable Modes). 


PLL PD = LOW for PLL normal operations. PLL PD = HIGH for PLL power saving. 
High impedance CMOS clock input. | 

Binary serial data input. Data entered MSB first. High impedance CMOS input. 
Load enable input. 

Oscillator input. - 


DC compensation circuit enable. While LOW, the DC compensation circuit is enabled, and the 
threshold is updated through the DC compensation loop. While HIGH, the switch is opened, and 
the comparator is held by the external capacitor. 


Voltage output of the received signal strength indicator (RSSI). 
Threshold level to external comparator. 

Input to DC compensation circuit. 

Demodulated output of discriminator. 

Ground. 


Power supply input to discriminator circuit. Connect to VBAT .. 


Quadrature input. 
Power supply input to limiter output stage. Connect to VBAT 
Ground. — 


Limiter output to the quadrature tank. 


‘Ground. 


Power supply input for limiter. Connect to VBAT 

IF input to the limiter. . 
Ground. . 

Ground. 

IF output to bandpass filter. 

Power supply input for IF amplifier. Connect to VBAT 


IF input to IF amplifier. 


Supply voltage to external LNA. 
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Absolute Maximum Ratings (note 1) 


If Milltary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Power Supply Voltage (Vcc) —0.3V to +6.5V 
Vp —0.3V to + 6.5V 
Voltage on Any Pin with 
GND = OV (V)) 
Storage Temperature Range (Ts) 
Lead Temp. (solder, 4 sec)(T_) 


—0.3V to +6.5V 
—65°C to + 150°C 
+ 260°C 


Electrical Characteristics 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to 
the device may occur. Operating Ratings indicate conditions for which the 
device is intended to be functional, but do not guarantee specific perform- 
ance limits. For guaranteed specifications and test conditions, see the Elec- 
trical Characteristics. The guaranteed specifications apply only for the test 
conditions listed. 


Recommended Operating 
Conditions 


Supply Voltage (Vcc) 
Operating Temperature (Ta) 


3.0V to 5.5V 
—10°C to + 70°C 


The following specifications are guaranteed over the recommended operating conditions unless otherwise specified 


Conditions | Min | Typ _ 


Receive Mode Current Consumption Tx PLL Powered Down 
(Note 1) , - 
-|.. Transmit Mode Current Consumption Rx PLL Powered Down 
(Note 2) 


Power Down Current Tx, Rx, PLL Off 


RF Frequency Range 


Maximum IF Input Frequency fe gee =| 


Minimum IF Input Frequency 
Single Side Band Noise Figure 


Output Intercept Point 


| RFRetuntoss | Zo=son | | tT 
| iF Retuntoss | Zo= moon | | ts | 


fin to RF Isolation 


fin = 1.9 GHz 


| fwtotFisolation ET 
| RFtoFisoation | CT oT 
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Electrical Characteristics The fotlowing specifications are guaranteed over the recommended operating condi- 
tions unless otherwise specified (Continued) i ei . ae . 


Symbol Conditions = |_min_| typ | Max | unit 

4FAMPLIFIER. | : fin = 120 MHz Py 
Output Intercept Point . ce 

| -Input Impedance 


. ’ Output Impedance 
IF LIMITER 


IF Limiter Noise Figure 
‘ 
| Limiter/Disc. Sensitivity . 


_ DISCRIMINATOR 


| IF Limiter Input Impedance 


Discriminator Output Peak to Peak Voltage 


_Disc. Output DC Voltage . 
Disc. Output Impedance 
fin = 120 MHz 


a 
[[nssiscse SSCS~*d = 75 mas wom | | 

FREQUENCY DOUBLER fouT = 1.89 GHz . oz ag, 
TinputFreqengyRangeCSC*dtCa P*d;C 
oupatinmpedanes TCS 


| -14 | -115 | -9 | 
| 45 | 6 | 80 | 
Crindenolractniowd | ww=eomver | | > |_| 
or ee ee 


Harmonic Suppression (Note 3) Vin = 450 mVpp 


Output Power 
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Electrical Characteristics the following specifications are guaranteed over the recommended operating condi- 
tions unless otherwise specified (Continued) 


Symbol Conditions | Min | Typ | Max | unit 


FREQUENCY SYNTHESIZER ne 


IDo-source | Charge Pump Output Current Vdo = Vp/2, lepp = LOW (Note 4) P| = 1.5 | mA 


OOLEXW1 


IDo-sink 
ibsaahes Vdo = Vp/2, logo. = HIGH (Note 4) mA 
lo = 


IDo-Tri 0.5 < Vdo < Vp —0.5 
Ta = 25°C 


Vou 
Vo. 
Vi___| LowLevelinputVotago | 
rn 
tos 
ton 
towh __| ClockPulseWidthHigh | SeeDatainputTiming ss | =| S| 
tow.___| ClockPulseWidthLow | SeeDatalnputTiming | ~—s0.—s| S| 
tes _| ClocktoLoadEnable Set UpTime | SeeDatainputTiming’ ss | ~—s0| S| 
tew __| Load Enable Pulse Width _—| SeeDatainput Timing sss |_| S| 
DC COMPENSATION SAMPLE AND HOLD CIRCUIT . 
| InputOtfsetVoltage =| CC 
[ipwoupaotaeSung | Commeaaniey sf] 
Eee ee ee 


Sample and Hold Resistor 
Threshold Input Voltage Droop Chold = 2700 pF . Ps ee aoe mV/ms 


Note 1: This includes 5 mA current sourced from the Rx Vreg pin for the external receive LNA as shown in the application diagram. 

Note 2: This includes 5 mA current sourced from the Tx Vagg pin for the external transmit buffer used before the power amplifier as shown in the application 
diagram. 

Note 3: Measured at the output of external gain stage. 

Note 4: See programmable modes for Icpo description. 
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LMX3160 


Serial Data Input Timing 


DATA N20:.MSB NIX CONTROL BIT: LSB 


(R20: MSB) (R7) (R6) (R1) CONTROL BIT: LSB 


TL/W/12493-3 


Notes: Parenthesis data indicates programmable reference divider data. 
Data shifted into register on clock rising edge. 
Data is shifted in MSB first. ° 


Test Conditions: The Serial Data Input Timing is tested using a symmetrical waveform around Vcc/2. The test waveform has an edge rate of 0.6V/ns with 
amplitudes of 2.2V @ Voc = 3.0V and 2.6V @ Voc = 5.5V. 


PLL Functional Description : | Lo | 
The simplified block diagram below shows the 20-bit data register, 18-bit F latch, 12 bit N counter, and 6 bit R counter. 


6-BIT 
R COUNTER 


20-BIT 
DATA REGISTER 


12-BIT 
PRESCALER N COUNTER 


TL/W/12493-4 
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PLL Functional Description (Continued) - 


The data stream is clocked on the rising edge of LE into the DATA input, MSB first. The last two bits are the control bits. DATA is 
transferred into the counters as follows: 


Control Bits DATA Location 


poof TN Courter 
pot Counter 
pt x batch 


X = Dont Care 





Programmable Divider (N Counters) 


The N counter consists of the 6-bit swallow counter (A counter) and the 6-bit programmable counter (B counter). When the 
control bits are “00” data is transferred from the 20-bit shift register into two 6-bit latches. One latch sets the A counter while the 
other sets the B counter, MSB first. Serial data format is shown below. 


LSB MSB 


Control Bits Divide Ratio of Programmable Divider, N Don’t Care 


6-Bit Swallow Counter Divide Ratio (A Counter) 


| Divideratioa | ne | N5 | na | No | N2 | NA 


Notes: Divide ratio: 0 to 63 
B2A 
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LMX3160 


6-Bit Programmable Counter Divide Ratio (B Counter) 


Divide Ratio B 


Notes: Divide ratio: 3 to 63 
BoA 


Programmable Reference Dividers (R Counters) 


If the control bits are “01” data is transferred from the 20-bit shift register into a latch which sets the 6- bit R counter. Serial data 


format is shown below. 


Note: Divide ratio: 3 to 63 


Pulse Swallow Function 
fyco = I(P x B) + A] x fosc/R 


fvco: 


A: 


Output frequency of external voltage controlled oscillator (VCO) 

Preset divide ratio of binary 6-bit programmable counter (3 to 63) 

Preset divide ratio of binary 6-bit swallow counter (0 < A < P,A < B) 
Output frequency of the external reference frequency oscillator 

Preset divide ratio of binary 6-bit programmable reference counter (3 to 63) 
Preset modulus of dual modulus prescaler (32 or 64) 





1-98 


Receiver Functional Description 


The simplified block diagram below shows the mixer, IF amplifier, limiter, and discriminator. In addition, the DC compensation 
circuit, doubler, and voltage regulator (for external LNA) are shown. 


OSLEXWT 


MIXERgyt IF Foyt LIMy LIMoyy QUAD y 


sige 


fa Rx PD (SEE NOTE) 


TL/W/12493-5 


Note: Receiver power down can be controlled by software through the F Latch or hardwire through the Rx PD pin. This is determined by the state of F14 and F15 
(See Programmable Modes). 


Transmitter Functional Description 
The simplified block diagram below shows the doubler and voltage regulator (for external transmit gain stage). 


F LATCH 
POWER DOWN CONTROL 


Tx PD (SEE NOTE) 
TL/W/12493-6 


Note: Transmitter power down can be controlled by software through the F Latch or hardwire through the Rx PD pin. This is determined by the state of F14 and F15 
(See Programmable Modes). 


Programmable Function Latch (F Latch) 


If the control bits are “1X” data is transferred from the 20-bit shift register into the 18-bit F latch. Serial data format is shown 
below. 


Control Bits 
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Programmable Modes 


Several modes of operation can be programmed with the function register bits Fi-F 18, teeing the phase daiscinr polarity, 
charge pump TRI-STATE® and CMOS outputs. In addition, software or hardwire power down modes. may be selected with bits 
Fi4 and F15. The programmable modes are latched in when the contro! bits are: C1 = 1, C2 = X. Truth tables for the 
programmable modes are shown in Tables I-Ill. : 


TABLE I. Programmable Modes 


[Ft |__PresalerModSerct (ae _——SSS—*d 

eee Phase Detector Polarity 
[£3 | ChargePumpcurent 

| F4 | GhargePumpTRISTATE 

| Fs | Dontcare 

|_Fe | Reseie SeeionPowerDown 

| 

[- Fo | Out 1 CMOS a oll Section Power Down a rt 

[F109 .. | _Out2CMOS Output/Tranenlt Section Power Down pat | 

| Fiz | FastlockAuto/manselet 

, 

| 

| 





Auto FastLock Counter Bit #64 


Functional Description 


F1 Pre-scaler modules select. LOW selects 32/33 and HIGH selects 64/65. 


F2 Phase Detector Polarity. F2 is used to reverse the poterity of the phase erie: Depending upon Vco characteristics, 
F2 should be set accordingly: 
When VCO characteristics are positive, F2 should be set HIGH; 
When VCO characteristics are negative, F2 should be set LOW. 


F3 Charge pump current. LOW selects low charge pump current (1X Iepo). High selects HIGH charge pump current 
(4X lepo)-’ 


F4 ‘Charge Pump TRI-STATE. 
F5 Don't Care. 


F6-F7 Power down. When F14 = 0 and F15 = 0, F6 controls the state of the receive section and F7 controls the State of the 
transmit section. A LOW powers up the section while a HIGH powers down the section. 


F8-F10 | CMOS Outputs. When F13 is LOW, F8 controls sets state of Out 0 (pin 21). When in normal power down mode (F14 = 
0, F15 = 0), F9 and F10 sets the state of Out 1 (pin 22) and Out 2 (pin 23) respectively. 


Fii Don’t Care. cue 1 — - 
Fi2 ‘| FastLock Auto/Manual Mode Select. When F13 HIGH, selects auto or manual FastLock mode. 


F13 Out 0 (pin 21) Normal/FastLock select. When LOW the state of Out 0 (pin 21) is controlled by F8. When HIGH Out 0 is 
used for FastLock. 


F14-F15 | Power Down Mode Control. See Table Ill. 
F1i6--F18 | FastLock Timeout Counter. See Table IV for counter values. 
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Table Il. Mode Select Truth Table 


F1 F2 F4 F6-F7 F8-F10 
Pre-scaler Mod. Phase Det. polarity 5 Do TRI-STATE Power Down Modes CMOS Outputs 
32/33 Negative LOW | Normal Operation Powered UP 
64/65 Positive HIGH TRI-STATE Powered Down 
TABLE Illa. Power Down Modes TABLE Illb. Power Control Modes 


| Function PEt tow 
Software Control . Software Receiver Off 
Test Mode (See Note) Control 
| oF? | 


Test Mode (See Note) Transmitter Off | Transmitter On 


Hardwire Power Down 4 Hardwire Receiver Off Reciever On 
Control 


Note: Not used in application. 
| | 7 Transmitter Of 
PLDD PD PLL Off PLL On 





Function 
lcpo = 1X, No FastLock, OutO = F8 
Icpo = 4X, No FastLock, Out 0 = F8 
lcoo = 1X, Manual FastLock, Out 0 = FL, 
lcpo = 4X, Manual FastLock, Out 0 = Flo 
lcpo = Set by # reference cycles present in F counter, Auto FastLock, Out0 = Flo 


TABLE V. FastLock Timeout Counter Value Programming 


Time Out (# Reference Cycles) | 3 | 
Pe = | 


Example: To set FastLock timeout for 24 reference cycles, set F16 = HIGH, F17 = LOW, and F18 = LOW. . 
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Typical Application Block Diagram 


110. hag 110.592 MHz 
LC FILTER 


- DISCRETE 
1,88 GHz - 1.90GHz LNA 


CONTROLLER. 
BURST MODE 
CONTROLLER. 


POWER AMP 


TL/W/12493~7 
Note 1: Connected when using FastLock. 


System: DECT—System +3V Only 


ae ee | Cumulative Data 
| component | Gain_| NFig | ors | # | Gain | NFig | Ps _| 
| Fiter/switch —|_-20 | 20 | 100 | 1 | -20 | 20 | 979 


| Discretolna | _ too | 20 | 70 | 2 | eo | 40 | -10 | 
| Fier | 20 | 20 | 1000 | 3 | 60 | 42 | -10 


| Mier | 30 | so | to | 4 | aso | 52 | 230 | 
saw | =ito | “10 | tooo | 5 | 130 | sa | ~290 | 
| iF Ampiiier | 250 | 40 | szo | 6 | 380 | 54 | ~230 | 
| pprac) | -20 | 20 | 100 | 7 | 360 | 54 | -230__ 
| iFuimter | goo | 180 | oo | 6 | 960 | 54 | -202 | 


SYSTEM CUMULATIVE VALUES 





Sensitivity (@ 25°C) 
Required Eb/No 


Note: Assumes 50 dB attenuation of interferer by the SAW filter and 8 dB attenuation by the LC filter. 
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Application Information 


MAIN DIVIDER 


PHASE 
- DETECTOR 


REFERENCE 


CRYSTAL DIVIDER 


REFERENCE 


Frequency 
Synthesizer 


CHARGE 
PUMP 


TL/W/12493-8 


FIGURE 1. Conventional PLL Architecture 


Loop Gain Equations 

‘A linear control system model of the phase feedback for a 
PLL in the locked state is shown in Figure 2. The open loop 
gain is the product of the phase comparator gain (K4), the 
VCO gain (Kyco/s), and the loop filter gain Z(s) divided by 
the gain of the feedback counter modulus (N). The passive 
loop filter configuration used is displayed in Figure 3, while 
the complex impedance of the filter is given in Equation 2. 





TL/W/12493-9 
FIGURE 2. PLL Linear Model 


Dy vco 
tai 


TL/W/12493-10 

FIGURE 3. - 

PASSIVE LOOP FILTER 

Open loop gain=H(s) G(s) = Oi/Oe = Kg 2(s)Kyco/Ns 
s(C2eF2) +1 

s2(Ci © C2 ° F2) + sCi + sC2 


(1) 
As) = 


(2) 
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The time constants which determine the pole and zero fre- 
quencies of the filter transfer function can be defined as 
. Cie C2 


1= A2°«—_——_ 
C1 + C2 


(3a) 
and 

T2 = R2°¢C2 (3b) 
The 3rd order PLL Open Loop Gain can be calculated in 


terms of frequency, «, the filter time constants T1 and T2, 
and the design constants Kg, Kyco, and N. 


Ko e Kyco(1 + jw e 72) - nv 


GOS) ° AUS) «ay CL ®M1 toe Tl) 72 (4) 


‘From Equation 3 we can see that the phase term will be 


dependent on the single pole and zero such that the phase 


‘margin is determined in Equation 5. 


 (w) = tan—1 (w © 72) — tan—1 (we 71) + 180° (5) 
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LMX3160 


A plot of the magnitude and phase of G(s)H(s) for a stable 
loop, is shown in Figure 4 with a solid trace. The parameter 
$p Shows the amount of phase margin that exists at the 
point the gain drops below zero (the cutoff frequency wp of 
the loop). In a critically damped system, the amount of 
phase margin would be approximately 45°. 


If we were now to redefine the cut off frequency, wp’, as 
double the frequency which gave us our original loop band- 
width, wp, the loop response time would be approximately 
halved. Because the filter attenuation at the comparison fre- 
quency also diminishes, the spurs would have increased by 
approximately 6 dB. In the proposed FastLock scheme, the 
higher spur levels and wider loop filter conditions would ex- 
ist only during the initial lock-on phase—just long enough to 
reap the benefits of locking faster. The objective would be 
to open up the loop bandwidth but not introduce any addi- 
tional complications or compromises related to our original 
design criteria. We would ideally like to momentarily shift the 
curve of Figure 4 over to a different cutoff frequency, illus- 
trated by the dotted line, without affecting the relative open 
loop gain and phase relationships. To maintain the same 
gain/phase relationship at twice the original cutoff frequen- 
cy, other terms in the gain and phase equations 4 and 5 will 
have to compensate by the corresponding ‘1/w” or “1/w2” 
factor. Examination of equations 3 and 5 indicates the 
damping resistor variable R2 could be chosen to compen- 
sate the “w” terms for the phase margin. This implies that 
another resistor of equal value to R2 will need to be 


Gain 


|G(s) H(s)| 


switched in parallel with R2 during the initial lock period. We 
must also insure that the magnitude of the open loop gain, 
H(s)G(s) is equal to zero at wp’ = 2 wp. Kyco, Kg, N, or the 
net product of these terms can be changed by a factor of 4 
to counteract the w2 term present in the denominator of 
Equation 3. The Kd term was chosen to complete the trans- 
formation because it can readily be switched between 1X 
and 4X values. This is accomplished by increasing the 
charge pump output current from 1.5 mA in the standard 
mode to 6 mA in FastLock. 


FastLock Circuit Implementation 


A diagram of the FastLock scheme as implemented in Na- 
tional Semiconductors LMX3160 is shown in Figure 5. When 
a new frequency is loaded, the charge pump circuit receives 
an input to deliver 4 times the normal current per unit phase 
error while an open drain NMOS on chip device switches in 
a second R2 resistor element to ground. The user calcu- 
lates the loop filter component values for the normal steady 
state considerations. The device configuration ensures that 


- as long as a second identical damping resistor is wired in 


appropriately, the loop will lock faster without any additional 
stability considerations to account for. Once locked on the 
correct frequency, the PLL will then return to standard, low 
noise operation. This transition does not affect the charge 
on the loop filter capacitors and is enacted synchronous 
with the charge pump output. This creates a nearly seam- 


‘less change between FastLock and standard mode. 


Frequency 


Phase © 
2 G(s) H(s) 
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Figure 4. Open Loop Response Bode Plot 
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FIGURE 5. FastLock PLL Architecture 
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AV vationat Semiconductor 


LMX2216 


0.1 GHz to 2.0 GHz Low Noise Amplifier/Mixer 
for RF Personal Communications 


General Description 


The LMX2216 is a monolithic, integrated low noise amplifier 
(LNA) and mixer suitable as a first stage amplifier and down- 
converter for RF receiver applications. The wideband oper- 
ating capabilities of the LMX2216 allow it to function over 
frequencies from 0.1 GHz to 2.0 GHz. It is fabricated using 
National Semiconductor’s ABiC IV BICMOS process. 

All input and output ports of the LMX2216 are single-ended. 
The LNA input and output ports are designed to interface to 
a 509 system. The Mixer input ports are matched to 500. 


The output port is matched to 2002. The only external com- 


ponents required are DC blocking capacitors. The balanced 
architecture of the LMX2216 maintains consistent operating 
parameters from unit to unit, since it is implemented in a 
monolithic device. This consistency provides manufacturers 
a significant advantage since tuning procedures—often 
needed with discrete designs—can be reduced or eliminat- 
ed. 


The low noise amplifier produces very flat gain over the en- 

tire operating range. The doubly-balanced, Gilbert-cell mixer 

provides good LO-FF isolation and cancellation of second- 

order distortion products. A power down feature is imple- 

mented on the LMX2216 that is especially useful for stand- 

by operation common in Time Division Multiple Access 
. (TDMA) and Time Division Duplex (TDD) systems. 


Functional Block/Pin Diagram 


The LMX2216 is available in a narrow-body 16-pin surface 
mount plastic package. 


Features : 

m Wideband RF operation from 0.1 GHz to 2.0 GHz 

@ No external biasing components necessary 
3V operation 
LNA input and output ports matched to 509 
Mixer input ports matched to 502, output port matched 
to 2000. 
Doubly balanced Gilbert cell mixer (single ended input 
and output) 

gm Low power consumption 

m Power down feature | 

# Small outline, plastic surface mount package 


Applications 

@ Digital European Cordless Telecommunications (DECT) 
gw Portable wireless communications (PCS/PCN, cordless) 
m Wireless local area networks (WLANs) 

@ Digital cellular telephone systems 


. m Other wireless communications systems 


3] lFour 


TL/W/11814-1 


Order Number LMX2216M 
See NS Package Number M16A 
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LMX2216 


y 
=| 
0 
© 
° 
=. 
| 
ct 
re) 
S 


1/0 
po a) 
GND 


LNAIN 


z 
° 


2.85V to 3.15V. 


Ground 


G) 
Zz 


Ground 


G) 
Zz 


Ground 


blocking capacitor is required. 


G) 
Zz 


Ground 


this pin (Vip). 


G) 
z 


Ground 


Ground 


G) 
Zz 


Ground 


required. : 


Ground 


16 Voc A 


Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, 


please contact the National Semiconductor Sales . 


Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 6.5V 
Storage Temperature (Ts) —65°C to + 150°C 
Operating Temperature (To) — 40°C to + 85°C 
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Description 


Voltage supply for the mixer. The input voltage level to this pin should be a DC Voltage ranging from 


RF input signal to the LNA. External DC blocking capacitor is required. 


RF input to the mixer. The RF signal to be down converted is connected to this pin. External DC 


Power down signal pin. Both the LNA and mixer are powered down when a HIGH level is applied to 


IF output signal of the mixer. External DC blocking capacitor is required. 


Local oscillator input signal to the mixer. External DC blocking capacitor is required. 


Output of the LNA. This pin outputs the amplified RF signal. External DC blocking capacitor is 


LNA supply Voltage. DC Voltage ranging from 2.85V to 3.15V. 


Recommended Operating 
Conditions 

Supply Voltage (Vcc) 
Operating Temperature (Ta) 
RFin 

LOIN 


2.85V-3.15V 
~—10°C to + 70°C 
0.1 GHz to 2.0 GHz 
0.1 GHz to 2.0 GHz 





Electrical Characteristics: LNA 
(Vcc = +3.0V 45%, Ta = 25°C, Zp = 5020 and fiy = 2.0 GHz @ —30 dBm unless otherwise specified.) 


| Parameter | Conaitions | 
Supply Current | 


9L CCX 


Icc-pwon | Supply Current In Power Down Mode 
Gai eae res ee 
Output 1 dB Compression Point I 


0 


7.0 


Output 3rd Order Intercept Point a 


Single Side Band Noise Figure 


— 
an 


Input Return Loss 


Electrical Characteristics: Mixer (voc = +3.0V +5%, Ta = 25°C, Zp = 500, fpr = 2.0 GHz @ 
—30 dBm, fLo = 1.89 GHz @ 0 dBm; fie = 110 MHz unless otherwise specified.) 


symbol | Parameter | Conaditions 
icc 
\CC-PWON 
Gc 


Pigs Output 1 dB Compression Point 


10 
10 


— 
Oo 


—_ 
a 


Units 
mA 
pA 
dB 


Oo 


| Output 1 dB CompressionPoint | 
SSB NF 
DSB NF 
LO-RF 
LOuF 
RF RL 
LORL 
IFRL 
Zir 


Electrical Characteristics: Power Down 


| __Parameter__———|__Gonaitions _| Typ 


OIP3 Output Third Order Intercept Point 


ao 


—_ —_ ak | ek = 
a a ola IN 3 
_a | — ~_— 
a |o@ 


tr 
fo) 
Oo 


| 
ft & 
ro) ad < 


Herel npuvorss [| 
[Low tevelinputVotage | 


| Max 
a 
| 08 
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Typical Application Block Diagram 


LMX2216 


LMX2216 ~LMX2240 LMX2411 


Microprocessor 
Burst Control 


Voice Codec 


Gaussian 


A ROM 
Pe 4 ¢ i iter 


. . . TL/W/11814-2 
FIGURE 2 z by 


Typical Characteristics 
LNA 


LNA Current Composition 
vs Supply Voltage with LNA Pout Vs Pin with Supply 
_ Temperature as a Parameter Voltage as a Parameter 


= 
E 
a 
iS 
~~ 
= 
3 
a 


Vee (VY) 3 ; Piy (dBm) 
TL/W/11814-3 TL/W/11814~-4 
“LNA Poyt VS Pin with LNA Pout Vs Pin with 

Temperature as a Parameter ; Temperature as a Parameter 


Poyy (dBm) 


TL/W/11814-6 TL/W/11814-7 
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Typical Characteristics (Continued) 
LNA (Continued) 


LNA Gain vs Frequency with Supply 
Voltage as a Parameter 

16.00 
. 15.00 
14,00 
13.00 
@ 12.00 
“Z 11.00 
& 10.00 
9.00 
8.00 
7.00 
6.00 


LNA Nolse Figure vs Frequency with 
Supply Voltage as a Parameter 


Noise Figure (dB) 


500 1000 1500 2000 2500 500 1000 1500 
Frequency (MHz) 


2000 2500 


Frequency (MHz) 


TL/W/11814-8 TL/W/11814-9 


LNA Gain vs Frequency with 


LNA Noise Figure vs Frequency with 
Temperature as a Parameter 


Temperature as a Parameter 
15.00 


14.00 


= 
(<2) 
a) 

— 
o 
i 
3 

2 
in 
o 
2 
3 
z 


500 1000 1500 2000 2500 500 1000 1500 2000 
Frequency (MHz) 


2500 


Frequency (MHz) 
TL/W/11814-10 TL/W/11814=11 
LNA Input Return Loss vs Frequency 


- LNA Output Return Loss vs Frequency 
with Voltage as a Parameter 


with Voltage as a Parameter 


T= 25°C 
Pin=-20dBm 


Return Loss (dB) 
Return Loss (dB) 


7 
eee 
tase [| TS 
yoo Ce 20aim <a eae, 
1000 1500 2000 2500 1000 1500 2000 2500 


Frequency (MHz) Frequency (MHz) 


TL/W/11814-12 TL/W/11814-19 
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LMX2216 


Typical Characteristics (continueg) 
MIXER 


. Mixer Gain (Double Sideband) 
vs Frequency with Supply 
- Voltage as a Parameter 
14 : 
13 
12 
11 


“Gain (dB) ~ 


1500 
Frequency (MHz) 


2000 


TL/W/11814-20 


Mixer Noise Figure (Double Sideband) 
vs Frequency with Supply 
Voltage as a Parameter 


1500 
Frequency (MHz) 


2000 


TL/W/11814=-22 
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Mixer Gain (Double Sideband) — 
vs Frequency with Temperature 
as a Parameter 

12.000 


- 10.000 


8.000 


Gain (dB) 


Constant IF @ 110MHz 


1000 1500 
Frequency (MHz) 


2000 


TL/W/11814-21 


Mixer Noise Figure (Double Sideband) 
vs Frequency with Temperature 
as a Parameter : 4 


16 
15 2 


- —— 
13 ee 
Ge 


ee 


Voc = 3.0V. 
Constant IF @ 110MHz 


12 
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co 
oO 
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Typical Characteristics (Continued) 
MIXER (Continued) 


Mixer Pout Vs Piy with Supply 
Voltage as a Parameter , 


Constant IF @ 110MHz 
T= 25° 


10 
TL/W/11814-24 


Mixer Poyrt vs Pin with 
Temperature as a Parameter 


Constant IF @ 110MHz 
10 


TL/W/11814~26 


Mixer RF\y Return Loss 
vs Frequency with Supply 
Voltage as a Parameter 


Return Loss (dB) 


1000 1500 2000 2500 
Frequency (MHz) 


TL/W/11814-28 


Return Loss (dB) 
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Mixer Pout Vs Piy with Supply 
Voltage as a Parameter 


Constant IF @ 110MHz 
T=25°C 


Piy (dBm) 
TL/W/11814-25 


Mixer Pout VS Pin with 
Temperature as a Parameter 


Ry = 1900 MHz 
Constant IF @ 110MHz 
Voc = 5.0V 
10 
TL/W/11814-27 


Mixer RFy Return Loss 
vs Frequency with Supply 
Voltage as a Parameter 


500 1000 1500 2000 2500 
Frequency (MHz) 
TL/W/11814-29 





Typical Characteristics (Continued) 
MIXER (Continued) 


LMX2216 


Mixer RFjy Return Loss Mixer IFoyt Return Loss 
vs Frequency with Supply vs Frequency with Supply 
Voltage as a Parameter Voltage as a Parameter 


tte 
Fa 
f|\AaR SS 


Vee =3.3V 


Return Loss (dB) 
Return Loss (dB) 


1000 1500 2000 2500 300 
Frequency (MHz) 


500 


Frequency (MHz) 
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Functional Description 


PWON 
SWITCH 


CELL 


ENN Bo 


TL/W/11814-13 
FIGURE 3. Block Diagram of the LMX2216 
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Functional Description (continued) 


THE LNA 


The LNA is a common emitter stage with active feedback. 
This feedback network allows for wide bandwidth operation 
while providing the necessary optimal input impedance for 
low noise performance. The power down feature is imple- 
mented using a CMOS buffer and a power-down switch. The 
power down switch is implemented with CMOS devices. 
During power down, the switch is open and only leakage 
currents are drawn from the supply. 


THE MIXER 


The mixer is a Gilbert cell architecture, with the RF input 
signal modulating the LO signal and single ended output 
taken from the collector of one of the upper four transistors. 
The power down circuitry of the mixer is similar to that of the 
LNA. The power down switch is used to provide or cut off 
bias to the Gilbert cell. 


Typical Low Noise Amplifier 


TL/W/11814-14 
FIGURE 4. Typical LNA Structure 


A typical low noise amplifier consists of an active amplifying 
element and input and output matching networks. The input 
matching network is usually optimized for noise perform- 
ance, and the output matching network for gain. The active 
element is chosen such that it has the lowest optimal noise 
figure, Fyn, an intrinsic property of the device. The noise 
figure of a linear two-port is a function of the source admit- 
tance and can be expressed by 


R 
F = Fin + Ge (Gon — Gag)? + (Bon — Ba)?] 


generator admittance presented to 
the input of the two port, 
generator admittance at which op- 
timum noise figure occurs, 
empirical constant relating the 
sensitivity of the noise figure to 
generator admittance. 


where Gg + jBg = 
Gon + jBon 


Rn 
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Typical Gilbert Cell 


Voc 


TL/W/11814-15 
FIGURE 5. Typical Gilbert Cell Circuit Diagram 


The Gilbert cell shown above is a circuit which multiplies 
two input signals, RF and LO. The input RF voltage differen- 
tially modulates the currents on the collectors of the transis- 
tors Q1 and Q2, which in turn modulate the LO voltage by 
varying the bias currents of the transistors Q3, Q4, Q5, and 
Q6. Assuming that the two signals are small, the result is a 
product of the two signals, producing at the output a sum 
and difference of the frequencies of the two input signals. If 
either of these two signals are much larger than the thresh- 
old voltage V7, the output will contain other mixing products 
and higher order terms which are undesirable and may need 
to be attenuated or filtered out. 


Analysis of the Gilbert cell shows that the output, which is 
the difference of the collector currents of Q3 and Q6, is 
related to the two inputs by the equation: 


1 ea ~ too = tes [tn (FFE) | [am (532) 
Al =.Io3 — Iog = lee tanh (s tanh 2Vy 


and the hyperbolic tangent function can be expressed as a 
Taylor series 
x3 xd 
tanh(x) =x-—+—-... 
(x) 3*s | 

Assuming that the RF and LO signals are sinusoids. 

Var-= Acos (wart + dpr) 

Vio = Bcos (wLot + $10) 
then 


A3 
Al = lee [Acos (wn t+ opr) — 00s? (wpe t+ daF)+ ... 


5 
° [Beos (wLot + dL0) — 3 00s? {moLot+ oto) + ... 


The lowest order term is a product of two sinusoids, yielding 
a sum of two sinusoids, 
Ice AB | COS (oRF + Lo) t + dRF +410) 
EE'2 [+ - t+ opr — 
2 cos ((wRF — MLO) t + SRF — LO) 
one of which is the desired intermediate frequency signal. 
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LMX2216 


Figures of Merit 


GAIN (G) 
Many different types of gain are specified in RF engineering. 
The type referred to here is called transducer gain and is 
defined as the ratio of the power delivered to the load to the 
available power from the source, 
g = Pour _ Vour/At _ , Rs Vour 
Pin Vin/Rg -RLVin 
where Voy is the voltage across the load R,_ and Vjn is the 
generator voltage with internal resistance Rs. In terms of 
scattering parameters, transducer gain is defined as 
G = 20 log (|S24/) 
where So, is the forward transmission parameter, which can 
be measured using a network analyzer. 


1 dB COMPRESSION POINT (P4gp) 


A measure of amplitude linearity, 1 dB compression point is 
the point at which the actual gain is 1dB below the ideal 
linear gain. For a memoryless two-port with weak nonlineari- 
ty, the output can be represented by a power series of the 
input as 
Vo = ki yet ko v? + kg ve eee 

For a sinusoidal input, 

. vy, = Acos wt 
the output is 


1 3 


1 1 : 
+ > ke A? cos 204 t + 7 kg A? cos 3u t 


assuming that all of the fourth and higher order terms are 
negligible. For an amplifier, the. fundamental component is 
the desired output, and it can be rewritten as 


ky A 1+ Og /ky) A? 


This fundamental component is larger than ky A (the ideally 
linear gain) if kg > 0 and smaller if kg < 0. For most practi- 
cal devices, kg < 0, and the gain compresses as the ampli- 
tude A of the input signal gets larger. The 1 dB compression 
point can be expressed in terms of either the input power or 
the output power. Measurement of Pigg can be made by 
increasing the input power while observing the output power 
until the gain is compressed by 1 dB. 


THIRD ORDER INTERCEPT (O/P3) 


Third order intercept is another figure of merit used to char- 
acterize the linearity of a two-port. It is defined as the point 
at which the third order intermodulation product equals the 
ideal linear, uncompressed, output. Unlike the Pigp, OIP3 
involves two input signals. However, it can be shown mathe- 
matically (similar derivation as above) that the two are 
closely related and OIPg ~ Pigg + 10 dB. Theses two 
figures of merit are illustrated in Figure 6. 
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3RD INTERMOD 7 (DEAL OUTPUT 


ACTUAL OUTPUT 


IPs Pin 
TL/W/11814-16 
FIGURE 6. Typical Poyt-Pin Characteristics 


NOISE FIGURE (NF) 


Noise figure is defined as the input signal to noise ratio di- 
vided by the output signal to noise ratio. For an amplifier, it 
can also be interpreted as the amount of noise introduced 
by the amplifier itself seen at the output. Mathematically, 
es S\/Nj = S/N; 
So/No Ga Sj/(Na + Ga Nj) 
NF = 10 log (F) 

where Sj and Nj represent the signal and noise power levels 
available at the input to the amplifier, Sp and No the signal 
and noise power levels available at the output, Gg the avail- 
able gain, and Na the noise added by the amplifier. Noise 
figure is an important figure of merit used to characterize the 
performance of not only a single component but also the 
entire system. It is one of the factors which determine the 
system sensitivity. 


IMAGE FREQUENCY, DSB/SSB NF 


Image frequency refers to that frequency which is also 
down-converted by the mixer, along with the desired RF 
component, to the intermediate frequency. This image fre- 
quency is located at the same distance away from the LO, 
but on the opposite side of the RF. For most mixers, it must 
be filtered out before the signal is down-converted; other- 
wise, an image-reject mixer must be used. Figure 7 illus- 
trates the concept. 


Ga N; 





IM LO RF 


FREQ 
TL/W/11814-17 
FIGURE 7. Input and Output Spectrum of Mixers 





Figures of Merit (continued) 


Due to the presence of image frequencies and the method 
in which noise figure is defined, noise figures can be mea- 
sured and specified in two ways: double side band (DSB) or 
single side band (SSB). In DSB measurements, the image 
frequency component of the input noise source is not fil- 
tered and contributes to the total output noise at the inter- 
mediate frequency. In SSB measurements. the image fre- 
quency is filtered and the output noise is not caused by this 
frequency component. In most mixer applications where 
only one side band is wanted, SSB noise figure is 3 dB 
higher than DSB noise figure. 


In this application, the LMX2216 is used in a radio receiver 
front end, where it amplifies the signal from the antenna and 
then down converts it to an intermediate frequency. The 
image filter placed between the LNA and the mixer attenu- 


LMX2216 


micro controller 


ates the image frequency. The mixer is shown to use an LO 
signal generated by a PLL synthesizer, but, depending on 
the type of application, the LO signa! could be generated by 
a device as simple as a free-running oscillator. The IF output 
is then typically filtered by a channel-select filter following 
the mixer, and this signal can then be demodulated or go 
through another down conversion, depending upon the in- 
termediate frequency and system requirements. This exter- 
nal filter rejects adjacent channels and also attenuates any 
LO feed through. Figure 9 shows a cascade analysis of a 
typical RF front-end subsystem in which the LMX2216 is 
used. It includes the bandpass filter and the switch through 
which the input RF signal goes in a radio system before 
reaching the LNA. Typical values are used for the insertion 
loss of the various filters in this example. 


Voc 


Image 
Filter 
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FIGURE 8. Typical Applications Circuit of the LMX2216 


Data per Stage 
# Comp Gain N Fig OIP3 
Filter —2.0 2.0 100.0 
Switch —0.6 0.6 100.0 
LNA 12.3 3.7 6.0 
Filter —3.0 3.0 100.0 
Mixer 5.8 13.7 3.0 
Filter —3.0 3.0 100.0 


System Cumulative Values 9.5 dB 
9.7 dB 

—10.5 dBm 

—1.0dBm 


Cumulative Data 
N Fig IIP3 OIP3 
2.0 97.9 95.9 
2.6 96.6 94.0 
6.3 —3.7 6.0 
6.4 —3.7 3.0 
9.6 —10.5 2.0 
9.7 —10.5 —-1.0 


FIGURE 9. Cascade Analysis Example 
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AD vationat Semiconductor ere ee he 


LMX2240 


Intermediate Frequency Receiver 


General Description 


The LMX2240 is a monolithic, integrated intermediate fre- 
quency receiver suitable for use in Digital European Cord- 
less Telecommunications (DECT) systems as well as other 
mobile telephony and wireless communications applica- 
tions. It is fabricated using National’s ABiCTM IV BiCMOS 
process (fy = 15 GHz). 

The LMX2240 consists of a high gain limiting amplifier, a 
frequency discriminator, and a received signal strength indi- 
cator (RSSI). The high gain limiting amplifier and discrimina- 
tor operate in the 40 MHz to 150 MHz frequency range, and 
the limiter has approximately 70 dB of gain. The use of the 


limiter and the discriminator provides a low cost, high per- 


formance demodulator for communications systems. The 
RSSI output can be used for channel quality monitoring. 


The LMX2240 is intended to support single conversion re- 
ceivers. This device saves power, size, and cost by eliminat- 
ing the second local oscillator (LO), second converter (mix- 
er), and additional filters. The LMX2240 is recommended for 
systems with channel bandwidths of 300 kHz to 2.5 MHz. 


The LMX2240 is available in a 16-pin JEDEC surface mount 
plastic package. 


Functional Block Diagram 


IF IN COMP. COMP. GND 


POWER RSSI 
DOWN OUT 





Features ats 

™ Typical operation at110MHz = iss 

m PF sensitivity to —75 dBm; RSSI sensitivity to __ 
—82 dBm | es ” 

@ High gain (70 dB) limiting amplifier. 

m Average current consumption: 480 pA for DECT 
handset (burst mode) 

w +3V operation 

mw Power down mode for increased current savings 

m@ Part of a complete receiver solution with the LMX2216 
LNA/Mixer, the LMX2315/20 Phase-locked Loop, and 
the LMX2411 Baseband Processor 

= Compliant to ARi1™ specification 


Applications a | 


Digital European Cordless Telecommunications (DECT) 


-m™ Portable wireless communications (PCS/PCN, cordless) 


@ Wireless local area networks (WLANs) 
@ Digital cellular telephone systems 
m Other wireless communications systems 


QUAD Voc ; 
_ (LIMITER) 


LIM 
OUT IN 


DEMOD = Vg 


OUT MIXER 
( ) TL/W/11755-1 
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Connection Diagram 


Pin Description 


Pin No. 


1 


2 
3 
4 
5 
6 
7 
8 
9 


—_ 
Oo 


co) 


RSSI Out 


G) 


1s) 


N 
GND 


| DemodOut_ | 0 
| Voc (wixe) | | 
| Voo(uimy | 


Lim. Out 


z 
QO 


DEMOD OUT 
Veg (MIXER) 


Small Outline Package 


a, 
po410 


NC 
GND 
GND 

MID 


LMX2240. 
TOP VIEW 


LIM. OUT 
QUAD IN 
Voc (LIM.) 


an Om OO et WwW RP 


TL/W/11755-2 


Top View 
Order Number LMX2240M 
See NS Package Number M16A 


Description 
Power Down; a HIGH signal switches the part to power down mode. ° 
Voltage output of the received signal strength indicator (RSSI). 
No connection 
Ground 
Ground 
Mid-range output of the discriminator; can be used for comparator threshold. 
Demodulated output of the discriminator. 
Source voltage for the mixer (discriminator). 
Source voltage for the limiter. 


Quadrature input. A DC path from source through an inductor must be present at 
this pin, but, there must be no series resistance (a parallel resistor to the inductor 
is acceptable). 


Limiter output to the quadrature tank. 
Ground 
Ground 


Compensation pin for the limiter. See Applications Information for capacitor 
value. 


Compensation pin for the limiter. See Applications Information for capacitor 
value. 


IF input to the limiter. 
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LMX2240 


IF LIMITER 


Absolute Maximum Ratings 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Power Supply Voltage (Vcc) - . 6.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 
Lead Temperature (T,) 
(Soldering, 10 seconds) + 260°C 
Electrical Characteristics 
The following specifications apply for supply voltage Vcc = 
specified 


+3V +5%, in 


Recommended Operating 
Conditions 


Min Max Units 


Supply Voltage (Vcc) 
3V 
Operating Temperature (Ta) 


2.85 
—10 


3.15 Vv 
+70 °C 


120 MHz, and Ta = 25°C unless otherwise 


Supply Current 
Power Down Current ‘ 


Minimum IF Input Frequency 
IF Limiter Noise Figure 


MoimentFiptFreweay | 


2, = 10000 
Limiter/Disc. Sensitivity BER = 0.001 


‘IF Limiter Input Impedance 


IF Limiter Output Impedance Sn ee 


Maximum Input Voltage Level 


fF Outputswing | 80 | c00 | 


tea ling oie a ee 


DISCRIMINATOR 


Discriminator eh a Peak-to- Reak Voltage 
nee 1) : 


ey C7 
| Mid-Range OutputPing) ft | 
2 


Disc. Input Impedance 


| Dise.Outputimpedance | | 880 


[asso 
a 
fiesattesetgg ea ee Pe 


Note 1: The discriminator output peak-to-peak voltage is measured by operating the discriminator mixer with two separate inputs (i.¢., as a mixer). A beat frequency 
of 1 kHz is generated, and this tone’s output swing is guaranteed to be at least 1.0 Vpp. When the mixer is configured as a discriminator with the limiter and a tank 
circuit, the guaranteed 1.0 Vpp output translates to (1.0V *(36/180) = ) 200 mVpp demodulated output, assuming at least 36° phase shift across the band of 


interest from the tank circuit. 
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Typical Application Block Diagram 


LMX2216B 


Functional Description 


OVERVIEW 


The LMX2240 IF demodulator is a low power IF processor 
that includes a frequency discriminator, an IF hard limiting 
amplifier, and a received signal strength indicator (RSSI). 
The LMX2240 is capable of differentially demodulating an 
FM or AM signal with as high an IF as 150 MHz, avoiding a 
costly second down-conversion. The RSS! output can be 
used for time gated channel measurements required in 
TDMA and other systems. Other features include high re- 
ceiver sensitivity and a power down mode to allow for stand- 
by operation. 


THE LIMITING AMPLIFIER 


The limiting amplifier has a typical gain of 70 dB and a sen- 
sitivity of about —75 dBm.. This allows it to be used in the 
DECT system with 20 dB net RF gain in front of it to achieve 


LMX2240 


LMX2411 


Microprocessor 
Burst Control 


Voice Codec 


Gaussian 


A ROM 


fo | Filter | 


TL/W/11755-3 


THE RECEIVED SIGNAL STRENGTH INDICATOR (RSSI) 


The RSSI circuit has a range of 70 dB. Its output voltage is 
proportional to the logarithm of the input signal level. The 
RSS! circuit has a sensitivity of —82 dBm. The output volt- 
age of the circuit ranges from 0.5V to 1.5V typically. 


THE FREQUENCY DISCRIMINATOR 


The frequency discriminator is a Gilbert cell mixer that re- 
quires an external tank circuit to create a 90° phase shift at 
the desired frequency. The output of this circuit is centered 
at 1.5V by an internal level shifting circuit, and a mid-range 
voltage (at 1.5V) is also provided. The sensitivity of the dis- 
criminator to phase inaccuracies is 5.5 mV/degree (see Ap- 
plications Information). This means that for a phase imbal- 


"ance of 10°, the received eye diagram will be shifted by 


a sensitivity of —95 dBm. The limiter is a five stage amplifier — 


with internal compensation at each stage to ensure stability. 
Two external compensation capacitors are also required to 
further enhance stability. The input to the limiter is a relative- 
ly low impedance to allow easy matching to typical IF sur- 


face acoustic wave (SAW) filters. The output of the limiter is: 


connected off chip to an external quadrature tank circuit as 
well as connected internally to the discriminator (mixer). The 
output impedance of the limiter is 2502 (typical). 
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about 55 mV off of the 1.5V mid-range voltage. For the typi- 
cal case, this amounts to about 10% of the output eye dia- 
gram (for 400 mVpp output). 
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LMX2240 


Typical Performance Characteristics 


LIMITER GAIN (dB) 


LIMITER GAIN (dB) 


Limiter Gain vs Frequency with 
Temperature as a Parameter 


100° 
FREQUENCY (MHz) 


TL/W/11755-4 


Limiter Gain vs Frequency with 
Supply Voltage as a Parameter 


FREQUENCY (MHz) 


TL/W/11755-5 
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Typical Performance Characteristics (Continued) 


DISC OUTPUT (Vp) 


_ 
> 
~ 
Lu 
oO 
< 
e 
a 
°o 
> 
ive 
oo 
=z 
<< 
a 
2 
= 


LIMITER Poy; (dBm) 


Discriminator Output Peak-to-Peak Voltage 
vs Supply with Temperature as a Parameter 


SUPPLY VOLTAGE (V) 
TL/W/11755-6 


Mid-Range (Reference) Voltage vs Supply 
with Temperature as a Parameter 


SUPPLY VOLTAGE (V) 
TL/W/11755-8 


Limiter Output Power vs Frequency 
with Voltage as a Paramerer 


T = 25°C 
100 150 20 


' FREQUENCY (MHz) 
TL/W/11755-10 
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POWER DOWN leg (mA) 





OPecXWT 


Current Consumption vs Supply Voltage 
with Temperature as a Parameter 


+85°C 
+70°C 


SUPPLY VOLTAGE (Vv) 
; TL/W/11755-7 


Voc = 3.6V 
fly = 120 MHz 


‘ 50 100 


TEMPERATURE (°C) 
TL/W/11755-9 


Limiter Output Power vs Frequency 
with Temperature as a Paramerer 


FREQUENCY (MHz) 
TL/W/11755-11 


LMX2240 


Typical Performance Characteristics (Continued 


RSSI OUTPUT VOLTAGE (V) 


RSSI OUTPUT VOLTAGE (V) 


18 


1.6 
1.4 
1.2 


RSSI Output vs Input Power 
with Vec as a Parameter 


T = 25°C 


-20 | 0 


-40 


TL/W/11755~12 


RSSI Output vs Input Power with 
Temperature as a Parameter 


INPUT POWER (dBm) 


TL/W/11755~13 
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Automatic Test Circuit 


‘SIGNAL IN | 


C1 


C3 = 


R2 
L1 
R4 


1000 pF +10% NPO Ceramic 
1000 pF +10% NPO Ceramic 
1k +5% %4W Thin Film Carbon 
10 pH +5% Air Coil 

20M +5% YW Thin Film Carbon 


R5 = 3.9kN +5% YW Thin Film Carbon 


LIMITER OUT 
MIXER IN 


LMX2240 
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MIXER 


MID-RANGE SIGNAL OUT 


TL/W/11755-14 


C2 = 1000 pF +10% NPO Ceramic 
R1 = 252 +5% 14W Thin Film Carbon 
R3 = 1kN +5% YW Thin Film Carbon 
C4 = 1000 pF +10% NPO Ceramic 
C5 = 1000 pF +10% NPO Ceramic 
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Typical Application Example 


C2 


MODULATED SIGNAL IN| == 


POWER DOWN IN : j “ DEMODULATED 
; wipcRANGe SIGNAL OUT 


RSS! OUT 


: TL/W/11755-15 
C1 = C2 = C3 = C5 = C6 = 100 pF +10% NPO Ceramic 
C4 = 1 pF +10% NPO Ceramic C7 = CO = 0.01 pF + 10% NPO Ceramic 
C8 = 82 pF +10% X7R Ceramic Ri = 4k +5% YW Thin Film Carbon 
R2 = 880 +5% YW Thin Film Carbon Tank = Toko #638AH-0294 
All supporting components 0603 surface mount except tank. 
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Applications Information 


THE INTERMEDIATE FREQUENCY LIMITER 


The IF limiter has a large amount of gain at high enough 
frequency to cause concern about oscillation. To ensure 
that the limiter does not oscillate, a few precautions should 
be taken. The compensation capacitors that are used 
should be chosen to roll off any unwanted frequencies be- 
low the band of interest. The capacitor should be a high Q, 
RF type ceramic chip capacitor. For DECT, the capacitor 
value should be 100 pF, and the capacitors should be sol- 
dered as close to the LMX2240 as possible. This will create 
a pass band from 40 MHz to 150 MHz. The AC coupling 
capacitor at the input to the limiter (from the SAW filter) 
should be the same value as the compensation capacitors. 


THE DISCRIMINATOR 


There are two types of discriminator that can be used to 
demodulate FM signals. The first is a delay line discrimina- 
tor, which uses a delay in one path of the received signal to 
introduce a phase difference between it and the received 
signal. The operation of the delay line discriminator is de- 
rived in the inset box. The other type of discriminator relies 
on a quadrature tank to directly introduce a phase shift in 
the received signal. This is the type of implementation that 
is commonly used in mobile communications because of its 
relative ease of construction and low cost. . 


The discriminator operates best when the inputs to it are 
hard-limited (i.e., square edges). If the input signal is small 
enough such that the IF amplifier cannot limit it, the output 
voltage swing of the limiter will suffer. Typically, the mini- 
mum voltage swing the discriminator can see and still fully 
switch is about 100 mVpp. The two inputs to the discrimina- 
tor can be of different peak-to-peak voltage swings as long 
as both are over the lower limit. This allows the quadrature 
tank circuit to have some insertion loss. In fact, up to 8 dB 
insertion loss can be tolerated while still ensuring that the 
discriminator output won't suffer. 


The quadrature circuit can also affect the discriminator out- 
put voltage swing. The discriminator output voltage swing 
specified assumes perfect quadrature at the frequency of 
interest (mixer operation). With available analog compo- 
nents, perfect quadrature is not possible. This is due in part 
to the high frequency of the IF and the proportionally very 
narrow bandwidth of the desired signal. For example, a 
DECT signal is about 1 MHz wide, which is < 1% of the IF 
at which the demodulation occurs. This makes the quadra- 
ture circuit difficult to achieve. With moderately high Q com- 
ponents, however, a reasonable phase shift can be 
achieved with a single pole tank. This is illustrated by the 
following equation: the output of the discriminator is given 
by 

DISCoyt = Cos(wet) © cos(wet+ >), (1) 
which results in , 
When the double frequency component is filtered out with a 
low pass filter, the cosine of the phase remains 

DiISCout = cos(—¢) = cos(¢). (3) 

{t can be seen that at 90° phase shift, the output will be zero. 
At 0°, the output will be 0.5, and at 180°, it will be —0.5. The 
output swing is then set by the multiplication of the cosine 
term with the discriminator output amplifier’s gain. _ 
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With a circuit that gives an output peak-to-peak voltage of 
1.0 Vpp (min) with ideal quadrature, the slope is seen to be 
5.5 mV/degree. With a practical quadrature tank circuit at 
110.6 MHz, the phase shift over a 1 MHz bandwidth is about 
45°-50°, which translates to an output peak-to-peak voltage 
of about 250 mVpp. 


Assume the FM modulated signal is denoted as 
s(t) = cos (wet + mit), 
t 


Y b(t) dt, 


and b(t) is the modulating baseband signal. The con- 
stant m is defined as m = 2AfTb. The signal s(t) must 
be delayed by some 7 so that 


\(t) = s(t+7) = cos (we(t+7) + m(t+7)). 
If the delay 7 is such that 


(4) 


where m(t) =m 


(5) 


(6) 
(7) 


wot = 2nw +S, n=0,1,2,3,..., 


then s(t+7) = sin(wct + m(t+7)), 
and multiplying (4) and (7) yields 
s(t) I(t) = cos (wet + m(t)) sin (wct + m(t+7)) 


= = sin (2mct + m(t) + m(t+7)) 


+ > sin (m(t+7) — m(t)). 


The double frequency component can be filtered off 
with a lowpass filter. If r is kept small, 


= sin (m(t+7) — m(t)) = 5 [m(t+7) — m(t)] 
m (tt7 : 
= af Se, b(t) dt — 


m {t 
of b(t) dt 


m t+r 
=— t 


m 
= T—bdit). 
7 b(t 


The object for a delay line, then, is to maximize the de- 
lay while retaining the approximations necessary to sat- 
isfy (9), r < 0.1 Tb. 
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A Fast Locking Scheme for 
PLL Frequency. 
Synthesizers | 


ABSTRACT 


Frequency synthesizers are used i in a large number of time 
division multiplexed (TDMA) and frequency hopping wire- 
less applications where quickly attaining frequency lock is 
critical. A new frequency synthesizer is described which em- 
ploys a scheme for reducing lock time by a factor of two 
using a conventional phase locked loop architecture. Faster 
lock is attained by shifting the loop filter's zero and pole 
corner frequencies while maintaining the PLL’s gain/phase 
margin characteristics. 


INTRODUCTION 


RF system designers of TDMA based cellular systems, such 
as PHS, GSM and IS-54, need local oscillator (L.O.) or fre- 
quency synthesizer blocks capable of tuning to a new chan- 
nel within a small fraction of each. time slot. The suppres- 
sion of reference spurs and phase noise is also critical for 
these modern digital standards. Base station and data 
transmission applications are now striving to utilize all the 
time slots available in each frame using a single synthesizer. 
This push towards a “zero blind slot” solution has put strin- 
gent demands upon the radio frontend’s L.O. section. 


The communication systems channel spacing determines 
the upper bound for the synthesizer’s frequency resolution 
and loop filter bandwidth. More closely spaced channels 
dictate that-the synthesizer’s ‘frequency resolution be finer, 
which in turn means the loop makes frequency corrections 
less often. A wider loop filter bandwidth would make it easi- 
er to attain lock within a given time constraint, but the price 
paid is less attenuation of the reference frequency side- 
bands and a higher integrated phase noise for the locked 
condition. An examination of the equations which govern 


the responsiveness of:a closed loop system will provide 


some solutions to this dilemma. 


Main Divider 


Phase 
Detector 


Reference 
Crystal Divider 
Reference 
i Frequency 
b Synthesizer 1 


FIGURE 1. Conventional PLL Architecture 
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CLOSED LOOP OPERATION 


The basic phase-lock-loop configuration we will be soneid: 
ering is shown in Figure 7. The PLL consists of a high-stabil- 
ity crystal reference oscillator, a frequency synthesizer such.. 
as the National Semiconductor LMX2335TM, a voltage con- 
trolled oscillator (VCO), and a passive loop filter. The fre- 
quency synthesizer includes a phase detector, current 
mode charge pump, as well as programmable reference [R] 
and feedback [N] frequency dividers. A passive loop filter: 
configuration is desirable for its simplicity, low cost, and low 
phase noise. 


The VCO frequency is established by dividing the crystal 
reference signal down via the R counter to obtain a frequen- 
cy that sets the tuning resolution of the L.O. This reference 
signal, fr, is then presented to the input of a phase detector ‘ 
and compared with another signal, fp, the feedback signal, 
which was obtained by dividing the VCO frequency down by 
way of the N counter. The phase detector’s current source 
outputs pump charge into the loop filter, which then con- 
verts the charge into the VCO’s control voltage. The phase/ 
frequency comparators function is to adjust the voltage pre- 
sented to the VCO until the feedback signals frequency (and 


phase) match that of the reference signal. When this | 


“phase-locked” condition exists, the VCO’s frequency will 
be N times that of the comparison frequency. 


Increasing the value of the N counter by 1 will cause the 
phase comparator to initially sense a frequency error be- 
tween the reference and feedback signals. The feedback 
loop responds and eventually shifts the VCO frequency to. 
be N+1 times the reference signal. The VCO’s frequency 
has in effect increased by the minimum tuning resolution of 
the PLL. The rate at which the transition to the new operat- 
ing frequency occurs is determined by the closed loop gain 
and stability criteria. x : 


Charge Pump 


Loop Filter 
Z(s) 


TL/W/12472=1 
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LOOP GAIN EQUATIONS 


A linear control system model of the phase feedback for a 
PLL in the locked state is shown in Figure 2. The open loop 
gain is the product of the phase comparator gain (K®), the 
VCO gain (Kvco/s), and the loop filter gain Z(s) divided by 
the gain of the feedback counter modulus (N). The passive 
loop filter configuration used is displayed in Figure 3, while 
the complex impedance of the filter is given in equation 2. 
{Ref 5] 





; TL/W/12472-2 
FIGURE 2. PLL Linear Model 


vco 
R2- 


T° : 


FIGURE 3. Passive Loop Filter 


TL/W/12472-3 


Open loop gain = H(s) G(s) = @i/@e 

= Kd Z(s) Kvco/Ns (1) 
s(C2eR2) + 1 

s2 (C1 ¢C2¢R2) + sC1 + sC2) (2) 

The time constants which determine the pole and zero fre- 

quencies of the filter transfer function can be defined as 

C1¢C2 

C1 + C2 


Z(s) = 


Ti =R2e (3a) 


and 


T2 = R2°C2 
The 3rd order PLL Open Loop Gain can be caiculated in 
terms of frequency, w, the filter time constants T1 and T2, 
and the design constants Kd, Kvco, and N. 


(3b) 


—Kd @ Kvco (1 + jw ¢T2)_ T1 

s = jew ® C1eN(1 + jw eT) 

From equation 3 we can see that the phase term will be 

dependent on the single pole and zero such that the phase 
margin is determined in equation 5. 


$(w) = tan-1(weT2) — tan—1(weT1) + 180° (5) 


= (4) 
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A plot of the magnitude and phase of G(s)H(s) for a stable 
loop, is shown in Figure 4 with a solid trace. The parameter 
¢p shows the amount of phase margin that exists at the 
point the gain drops below zero (the cutoff frequency wp of 
the loop). !n a critically damped system, the amount of 
phase margin would be approximately 45°. Given the pres- 
sure to minimize lock time, the cutoff frequency of the loop 
would be selected just wide enough to suppress the PLL’s 
reference frequency spurs to a tolerable level. 


If we were now to redefine the cut off frequency, wp’, as 
double the frequency which gave us our desired level of 
SPUIS, Wp, the loop response time would be approximately 
halved. Because the filter attenuation at the comparison fre- 
quency also diminishes, the spurs would have increased by 
approximately 6 dB. In the proposed FastLock™ scheme, 
the higher spur levels and wider loop filter conditions would 
ex ist only during the initial lock-on phase—just long enough 
to reap the benefits of locking faster. The objective would 
be to open up the loop bandwidth but not introduce any 
additional complications or compromises related to our orig- 
inal design criteria. We would ideally like to momentarily 
shift the curve of Figure 4 over to a different cutoff frequen- 
cy, illustrated by the dotted line, without affecting the rela- 
tive open loop gain and phase relationships. To maintain the 
same gain/phase relationship at twice the original cutoff fre- 
quency, other terms in the gain and phase equations 4 and 
5 will have to compensate by the corresponding “1/w’’ or 
“1/w2"” factor. Examination of equations 3 and 5 indicates 
the damping resistor variable R2 could be chosen to com- 
pensate the ‘‘w” terms for the phase margin. This implies 
that another resistor of equal value to R2 will need to be 
switched in parallel with R2 during the initial lock period. We 


“must also insure that the magnitude of the open loop gain, 
_H(s)G(s) is equal to zero at wp’ = 2 wp. Kvco, Kd, N, or the 


net product of these terms can be changed by a factor of 4, 


.to counteract the w2 term present in the denominator of 


equation 3. Altering Kvco could be difficult at best, however, 
both N and K¢ gain terms are readily available in an inte- 
grated PLL IC. The K@ term was chosen to complete the 
transformation because it can readily be switched between 
1X and 4X values. This is accomplished by increasing the 
charge pump output current from 1 mA in the standard 
mode to 4 mA in FastLock. Changing the N gain term could 
also have been chosen to accomplish our objective. In fact, 
doing so causes the PLL’s reference frequency to be 
pushed over in the frequency domain along with the loop 
cutoff frequency. Unfortunately changing N also means 
changing the R counter value by the same factor. And while 
this is feasible, it probably means employing fractional coun- 
ter techniques along with all the associated problems of this 
approach, as an N/4 term may no longer be an integer. 
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Gain 


|6(s) H(s)| 


Frequency © 


FIGURE 4. Open Loop Response Bode Plot 


CIRCUIT IMPLEMENTATION 


A diagram of the FastLock scheme as implemented in Na- 
tional Semiconductors LMX2335 PLL is shown in Figure 5. 
When a new frequency is loaded, the charge pump circuit 
receives an input to deliver 4 times the normal current per 
unit phase error while an open drain NMOS on chip device 
switches in a second resistor element, R2, to ground. The 
user calculates the loop filter component values for the nor- 
mal steady state considerations. The device configuration 


Main Divider 
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| 


Crystal 
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ZG(s) H(s) 


-90 


TL/W/12472~4 


ensures that as long as a second identical damping resistor 
is wired in appropriately, the loop will lock faster without any 
additional stability considerations to account for. Once 
locked on the correct frequency, the PLL will then return to 
standard, low noise operation. This transition does not af- 
fect the charge on the loop filter capacitors and is enacted 
synchronous with the charge pump output. This creates a 
nearly seamless change between FastLock and standard 


Charge Pump 


TL/W/12472-5 


FIGURE 5. FastLock PLL Architecture 
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RESULTS 


An LMX2335 PLL was utilized to address the following 1S-54 
application constraints: 
Fyco = 900 MHz, Kv = 20 MHz2/V, 
Channel spacing = 30 kHz. 

The PLL's device attributes were as follows: 

Kd = 1 mA/2z, N = 30,000, 

Fref = 30 kHz, Fo = 3 kHz. 
The toop filter values used were: 

C1 = 1800 pF, R2 = 12k0, C2 = 0.012 pF 
The modulation domain analyzer graphs in Figures 6-9 
show the transient lock responses for the normal 1 mA 
mode condition side by side with the response for the Fast- 
Lock mode. The FastLock operation in Figure 9 shows lock 
being attained within 1 ms (to within +1 kHz) for a frequen- 
cy jump of 50 MHz, compared with 1.8 ms for the standard 
condition (Figure 8). As much as a 2 kHz frequency distur- 
bance can result when switching back to normal operation 
after steady state is fully attained. By switching out of the 
FastLock mode when the PLL has settled to near the de- 
sired frequency tolerance, almost the entire 2X increase in 
lock time can be achieved. 


SUMMARY 


The FastLock circuitry of the LMX2335 frequency a aheei 
er provides a means of improving TDMA channel switching 
speed, without compromising reference spur quality or 
phase noise. Zero blind slot RF synthesizer designs can 
more easily be attained through this technique. 
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FIGURE 6. Normal Switching Waveform 
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FIGURE 9. FastLock Mode Lock Time 
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An Analysis and 
Performance Evaluation 
of a Passive Filter 
Design Technique for 
Charge Pump 
Phase-Locked Loops 


The high performance of today’s digital phase-lock loop 
makes it the preferred choice for generation of stable, low 
noise, tunable local oscillators in wireless communications 
applications. This paper investigates the design of passive 
loop filters for Frequency Synthesizers utilizing a Phase- 
Frequency Detector and a current switch charge pump such 
as National Semiconductor's PLLatinum™ Series. Passive 
filter design for a TYPE Il third order phase-lock loop is dis- 
cussed in depth, with some discussion of higher order filters 
included. Specific test results are presented for a GSM syn- 
thesizer design. Optimization of phase-lock loop perform- 
ance with respect to different parameters is discussed. 


The basic phase-lock-loop configuration we will be consid- 
ering is shown in Figure 1. The PLL consists of a high-stabil- 
ity crystal reference oscillator, a frequency synthesizer such 
as the National Semiconductor LMX2315TM, a voltage con- 
trolled oscillator (VCO), and a passive loop filter. The fre- 
quency synthesizer includes a phase detector, current 
mode charge pump, and programmable frequency dividers. 
A passive filter is desirable for its simplicity, low cost, and 
tow phase noise. 


in most standard PLL’s there are several design parameters 
which can be treated as constant values. This linear approx- 
imation provides a good estimation of loop performance. 
The values of the PLL filter design constants depend on 
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the specific application. For example, Kd is determined by 
the synthesizer charge pump output current magnitude. The 
notation and definitions for these values along with standard 
units used throughout this paper are given in Table | below. 


TABLE I. PLL Filter Design Constants 


Kvco - (MH2/Volt) 

Voltage Controlled Oscillator (VCO) Tuning Voltage 
constant. The frequency vs voltage tuning ratio. 

K@ - (mA/2z7rad) 

Phase detector/charge pump constant. The ratio of the 
current output to the input phase differential. 


RFopt - (MHz) 


Radio Frequency output of the VCO at which the loop 
filter is optimized. 


Fref - (kHz) 


Frequency of the phase detector inputs. Usually equiva- 
lent to the RF channel spacing. 


N 
Main divider ratio. Equal to RFopt/Fref. 
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FIGURE 1. Basic Charge Pump Phase Locked Loop 


Reprinted with permission from Argus Business. 
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Some basic knowledge of control loop.theory is necessary 
“in ordér to understand PLL filter dynamics, For a more thor- 


ough treatment consult references [1] through [6]. A linear 
mathematical model representing the phase of the PLL in 
the locKed state is presented in Figure 2. An additional inte- 
grator is needed in the transfer function for the forward gain 
and is usually lumped together with the VCO in the litera- 
ture, references [1-4]. Using the simplified diagram in Figure 
2, and feedback theory, one may obtain the equations for 
the phase transfer functions presented in Table Il. 


jus gh Be. ‘i : TL/W/12473-2 
FIGURE 2. PLL Linear Model 


TABLE Il. PLL Phase Transfer Functions 


Forward loop gain = G(s) = @0/@e 


. a K¢ Z(s) Kvco/s 
‘Reverse loop gain = H(s) = 


©i/@o = 1/N 
Open loop galn = H(s) G(s) = ©i/@e 
as K¢ 2(s)Kvco/Ns 
Closed loop gain = ©o0/@i = G(s)/ [1- H(s) G(s)] 





The standard passive loop filter configuration for a type II 
current mode‘charge pump PLL is shown in Figure 3. The 
loop filter is a complex impedance in parallel with the input 


. Capacitance of the VCO, or in oiher words, a a cnving Role 
' immitance. - 


“ Do yco 
R2 


ee 
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FIGURE 3. 2nd Order Passive Filter 


The phase detector’s current source outputs pump charge 


the pole and zero also allows easy determination of the loop 
filter component values. The phase margin, bp; is defined 
as the difference between 180° and the phase of the open 
loop transfer function at the frequency, a>, Corresponding 
to 0-dB gain. The phase margin is chosen. etween 30° and 
70°, When designing for a higher phase margin you trade off 
higher stability for a slower loop response time. and less 
attenuation of Fref. A common rule of thumb i is to ‘begin your 
design with a 45° phase margin. — 


Gain 


Ic(s) H(s)| 


Phase ; . 
£6(s) H(s) 


_ Frequency 
TL/W/12473-4 
FIGURE 4. Open Loop Response Bode Plot 


The impedance of the second order filter in Figure Jis 
s(CS*R2)+1 | 
s2 (C1 ¢C2¢R2) + sC1. + sC2 
Define the tine constants which determine the pole and 
zero frequencies of the filter transfer function by letting 


__ Ctece 
T1= Ree ye 


Z(s) = (1) 


(2a)- T2=R2eC2 (2b) 


Thus the 3rd order PLL Open Loop Gain in Table II can be 
‘calculated in terms of frequency, w, the filter time constants 
1 and T2, mie the design constants Kd, Kvco, and N. 


; G(s)° H(s) 


—Kpd © Kvco (1 + joe T2), Tt 


w2C1°eN(1 + jw eT1) *T2 8) 


ssisa 


. From equation 3 we can see that the phase term will be 


into the loop filter, which then converts the charge into the.- 


VCO's control voltage. The shunt capacitor C1 ‘is recom- 


mended to avoid discrete voltage steps at the control port © 


of the VCO due to the instantaneous changes in the charge 
pump current output. A low pass filter section may be need- 
ed for some high performance synthesizer applications that 
require .additional rejection of the reference sidebands, 
known as spurs. 


One method of filter design uses the open loop gain band- " 


width and phase margin to determine the component val- 
ues. Locating the point of minimum phase shift at the unity 
gain frequency of the open loop response as shown in Fig- 
ure 4 ensures loop stability. The phase relationship between 


1-132 


dependent on the single pole and zero such that the phase 
margin is determined in equation 4. The available phase 
margin therefore is proportional to the ratio of C1 and C2. 


$(w) = tan—1 (w © T2) — tan—1(w¢T1) + 180° (4) 


By setting the derivative of the phase, margin pea to zero 
as shown in equation 5, 


— = eS OTT = 
1+ (w@¢T2)2 1+ (w¢T1)2 
the frequency point corresponding to the phase inflection 
point is found in terms of the filter time constants T1 and T2. 
This relationship is given in equation 6. 


wp = 1T20TT 6) 





To insure loop stability, we want the phase margin to be 

maximum when the magnitude of the open loop gain equals 

1. Equation 2 then gives 

Kpd © Kvco © T1 | (1 + jwp ae 
a@peeNeT2 |I(1 + jap *T1) 

Therefore, if the loop bandwidth, wp, and the phase margin, 


hp, are specified, equations 1 through 7 allow us to calcu- 
late the two time constants, T1 and T2. 


The formulas for T1 and T2 are shown in equations 8 and 9. 


Sec bp — tan dp 


C1 = (7) 


Ti= (8) 


(9) 
From the time constants, T1, T2, and the loop bandwidth, 
®p, the values for C1, R2, and C2 are obtained in equations 


10 to 12. 


1 + (wp 0 12/2 
1 + (wp © T1)2 


a) 
T2 


. Kpd ¢ Kvco 


C1 = 
Wp? @N 


(10) 


T2 
ca=cie( 1) 


(11) 


T2 
C2 
Current switching noise in the dividers and the charge pump 
at the reference rate, Fref, may cause unwanted FM side- 
bands at the RF output. In wireless communications, the 
phase detector comparison frequency is generally a multiple 
of the RF channel spacing. These spurious sidebands can 
cause noise in adjacent channels. Additional filtering of the 
reference spurs is often times necessary, depending on 
how narrow your loop filter is. This is usually the case in 
today’s TDMA digital cellular standards, such as GSM, PDC, 
PHS, or IS-54. The sub-millisecond lock times necessary for 
switching between channel frequencies makes a relatively 
wide loop filter mandatory. For these performance critical 
synthesizer applications placing a series resistor and a 
shunt capacitor prior to the VCO provides a low pass pole 
for more attenuation of unwanted spurs. The use of a pas- 
sive loop filter eliminates the noise contributions from an op 
amp in an active filter. This is critical due to the strict RMS. 
phase error, and integrated phase noise requirements. The 
recommended filter configuration is shown in Figure 5. 


The added attenuation from the low pass filter is: 
ATTEN = 20 log [(27Fref ¢ R3 ¢ C3)? + 1] 
Defining the additional filter time constant as 
T3 = R3°C3 


R2 = (12) 


(13) 


(14) 
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Then in terms of the attenuation of the reference spurs add- 
ed by the low pass pole we have 


ATTN/20) — 
73 =, [10 y= 4 
(2a © Fref)2 


R3 


(15) 


R2 


a te 
TL/W/12473-5 


FIGURE 5. 3rd Order Lowpass Filter 


The additional pole must be lower than the reference fre- 
quency, in order to significantly attenuate the spurs, but 
must be at least 5 times higher than the loop bandwidth, or 
the loop will almost assuredly become unstable. In order to 
compensate for the added low pass section, the filter com- 
ponent values are recalculated using the new open loop 
unity gain frequency, w., as in equation 17. The degradation 
of phase margin caused by the added low pass is then miti- 
gated by slightly increasing C1 and C2 while slightly de- 
creasing R2. Note that we is slightly < wp, therefore the 
frequency jump lock time will increase. Although not exact, 
the linear assumptions used in this design technique pro- 
vide suprisingly good results for loop filter bandwidths of up 
to % of the reference rate. The derivation of we is included 
in the appendix. 


T2 = 1/wo2 © (T1 + T3) 


tan de (T1 + T3) 
[(T1 + T3)2 + T1¢T3} 
, U1 + 3) +T1¢T3 — 
[tan } © (T1 + T3)]2 
T1 Kpd ® Kvco 
wa aD. <@aeeNre 
(1 + we2 e T22) 


Similar to the 2nd Order filter we have 


T2 
ca=c1e(H-1); 


T2 

R2 = — 

C2 

The only component values that need to be determined 
comprise the added low pass pole. Since these values are 


(16) 


A> = 
(17) 


(11) 


(12) 


. solely determined from equations 13 and 14, their values 


are somewhat arbitrary. It is not prudent, however to have a 
capacitor value for C3 which is equal to or greater than the 
other capacitors. As rule of thumb choose C3 < C1/10, 
otherwise T3 will interact with the primary poles of the filter. 
Likewise, choose R3 at least twice the value of R2. When 
selecting C3 you must also take into account the input ca- 
pacitance of the VCO tuning varactor diode which will add in 
parallel. 
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The following example is a typical synthesizer developed for 
the Global System Mobile (GSM) digital cellular standard 
using the described filter design technique. The RF channel 
spacing is 200 kHz, and.a typical synthesizer frequency 
range is from 865 MHz-915 MHz. Since the addition of a 
low pass filter will reduce the closed loop bandwidth slightly, 
select an initial design value which is slightly larger than 
desired. ee a 

Example 

Kvco = 20.MHz/V. 


Kphi = 5mA 
RFopt = 900 MHz 
Fref = 200 kHz 
N = RFopt/Fref = 4500 
Mp = 2a * 20 kHz = 1.25665 © 
es ie sae. 
ATTEN = 20d. 


__ SCC hp ~— tan bp z 


-T1 3.296 — 6 
Op , 


eo: 20720) — oe ve. 
Td =| 10R 1 wo ag76 = 6 
(27 © 20068 3)2 


eh dees sits _: (3.29e—-6 + 2.387e—6). 


t+ 


' [(3.29e-6 + 2.387e—6)2 + 3.29e—6 © 2.387e—6] 


ne annt ac  {3.556—-5 
C2 = 1.085 nF e | ————_ 
ioe (See 


. Bebe e os 
2 Eee 6 ab ka: 
josaseo 


R3 = 22kn: 
2340-6 
2263. 


Converting the calculated numbers to standard component 
values gives the filter shown in the test board schematic for 
the synthesizer implementation, Figure 6. 


Test results for the PLL loop filter design using a National 
Semiconductor LMX2315 Frequency Synthesizer are shown 
in the following pages. A 10 MHz crystal oscillator was used 
as the reference oscillator input signal. The supply voltage 
was 5V, and the entire current consumption, including the 
VCO, was <15 mA. - 


- 1) ='10.6 nF; : 


“R2 
if we choose 


then C3 = = 106 pF 





“[(3.29e—6 + 2.3876—6)]2 
We = 7.04564 
1 


= ——___ 0 (3, 296-6 + 2. -—6) = 3. - 

70 ase 29e—6 + 2.387e—6) = 3.549e—5 
_ 3.29e-6 (5,0e—3) ¢ 2060+6 
3.549e—5 (7.045e4)2 © 4500 

[1 + (7.045¢4)2 © (3.549e—5)2] 

[1 + (7.045e4)2 © (3.29e—6)2 || 1 + (7.045e)2 ¢ (2.39e—6)2] 


_T2 


C1= 


_ ‘This Cap is | 
"| Internal to i URAEX934B 


Vtune OutF 


(3.296—6 + 2.387e—6)¢ + 3.29e—6 © 2.387e—6 ey ‘| 


Ve 


8 Pin Header 
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FIGURE 6. Test Fixture Schematic 





Figures 7 to 9 show HP8566 Spectrum Analyzer measure- 
ments of the RF output. The measured closed loop filter 
bandwidth is between 15 kHz and 17.5 kHz. The reference 
spurious level is <70 dBc, due to the loop filter attenuation 
and the low spurious noise level of the LMX2315. The 
phase noise level at 1 kHz offset in Figure 9is —79.5 dBc/ 
Hz. This correlates to a phase noise floor of < 150 dBc/Hz. 
The relatively flat PLL closed loop characteristics gives a 
measured RMS. phase error of <2°, and is also an indicator 
of good loop stability. 


Of concern in any PLL loop filter design is the ti time it takes 
to lock in to a new frequency when switching channels. The 
HP53310A Modulation Domain Analyzer plots in Figures 10 
and 77 show the positive and negative switching waveforms 
for a frequency jump of 865 MHz-915 MHz. The well bal- 
anced charge pump of the LMX2315 frequency synthesizer 
causes the waveforms to be nearly inverted replicas of each 
other. Narrowing the frequency span of the HP53310A Mod- 
ulation Domain Analyzer enables evaluation of the frequen- 
cy lock time to within +500 Hz. The lock time is seen in 
Figure 12 to be <500 ps for a frequency jump of 50 MHz. 


CONCLUSION 


An analysis of a frequency domain design technique for 
passive filters in charge pump phase-locked loops was pre- 


sented. Measurements of a PLL designed using this method. 


show good results in a practical synthesizer realization. The 
results demonstrate a high performance synthesizer in con- 
junction with a passive loop filter provide a fast switching, 
low noise frequency source for today’s challenging digital 
wireless telecommunications standards. 
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FIGURE 7. PLL Output Spectrum 100 kHz span 
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RES BW 1 OkHz VBW 3 OkHz SWP 30.0 ms 
TL/W/12473-8 
FIGURE 8. PLL 200 kHz Reference spurs 
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FIGURE 9. PLL Close in Phase Noise 
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FIGURE 10. PLL Positive Frequency Jump Waveform 
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TL/W/12473-11 
FIGURE 11. PLL Negative Frequency Jump Waveform 
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FIGURE 12. PLL Frequency Jump Lock Time 
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APPENDIX 
Derivation of we 
The impedance of the loop filter shown in Figure 5 is 


<(e)'s (<5) | 


Z(s) + R3 + (- =u) 


21(s) = 


where Z(s) is given by equation 1. 

Knowing that C1 = 10C3; 

and by substituting : T3 = R3°C3 

along with equations 2a, 2b. 

simplifies the third order equation for the open vice gain to 

, _ —KpdeKvco(1 + jw eT2) 11 | 1 


GIS) CHG) | ew @2CTeN(itjweTl) 12 (1+ jaeT3) 


o(w) © (1 + we T2)¢(1 — we T1)°(1 — w © T3) 
Similar to equation 9 
1 
T2=—_——_____ 
: w2 (T1 + T3) 
Substituting (22) into (21) gives 
: / joeTieT3 
co 2 — w2eT1¢T3 — jwe(T1 + T3) + ——_— - ——_— 
mel oT joe + 19) + oe +13) (mM + 73) 
oeT1¢T3 1 
(T1 +73) we*(T1 + T3) 
2-— w2e7T1¢T3 


—we¢(T1 + T3) — 
tand = 


Assuming w2eT1¢T2 <2 


After some manipulation we arrive at the characteristic equation 


2tande(T1 + T2) 1 
o2 + eo > - — = 0 
(71 + T3)2+71¢T3) (11+ 73)2+71¢T3 


Taking the negative root, and multiplying through gives the expression for the closed loop bandwidth, @., equation (20). 


__tanpe(T1 +73) __ -[/ TF TF TOTS ] 
c= Ti+ Ta2+T1eT] LV! * ftanoeci + Tale 
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Upgrading from the 
MB150X to National 
LMX1501A: Replacemen 
Issues | 


ABSTRACT 


Compatibility of the LMX1501AM with the MB1501(std, and 
options H, and L) and MB1502 (in the FPT-16P-M06 pack- 
age option) is inspected with emphasis on issues related to 
dual sourcing, or replacement of the MB150X parts with the 
LMX1501A. The devices are fundamentally similar, with 
identical (1501) or compatible (1502) pin outs, and identical 
programming specifications. Some key differences are 


found, however, which require attention. These include,’ 


package size and footprint, charge pump characteristics, 
loop filter configu.ation, and programming timing. In many 
cases the LMX1501A will easily replace MB150X compo- 
nents with few or no changes at all. This will not be true in 
all cases, however, particularly when data sheet program- 
ming specifications of the MB150X or LMX1501A have not 
been followed, or when high charge pump tuning voltages 
are required. 

SIMILARITIES 

e Architecture 

@ Pinout 

© Operating voltage (Vcc) 

e Programming content, format, and levels 

© Temperature range 

e RF fin sensitivity and impedance 


DIFFERENCES 

e Package Size/Footprint 

e Charge pump magnitude, balance, deadband 
¢ Charge pump maximum supply voltage 

© Loop filter configuration 

e Programming timing. (Faster, tes) 

® loc vS Vcc dependency 


TL/W/12029-1 
a) LMX1501A/MB1501 


National Semiconductor 
Application Note 935 


COMMON ELEMENTS 


The LMX1501A and MB1501(H/L)—2 have a great deal in 
common. Both devices consist of 1.1 GHz programmable 
prescalers with an option of 64/65 or 128/129 dual modu- 
lus division. Both have a reference divider channel. Both 
have an internal phase detector and charge pump circuit, 
and outputs which allow use of an external charge pump 
circuit. The MB1501 and the LMX1501A share pinout and 
definitions, and the LMX1501A and MB1502 have compati- 
ble pinouts, shown in Figure 7. The components operate 
over the same temperature and voltage ranges (except the 
MB1502 operates only at 5V) and are programmed with the 
same information in the same format. For all these similari- 
ties, there are a number of key distinctions. This application 
note is focused on those issues which are relevant to re- 
placing the MB150X with the LMX1501A. This means that 
certain performance improvements in the LMX1501A are 
not listed at length, and no effort is made to compare and 
contrast the parts generally. Full specifications are available 
in the LMX1501A data sheet—Lit. # 108500. 


Top View 


TL/W/12029-2 
b) MB1502 


FIGURE 1. Pinouts 
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PHYSICAL DIFFERENCES 


Footprint. The MB1501 and MB1502 are packaged in a 
EIAJ standard SO 16. This package has a pin to pin pitch of 
0.050 in. with a body width of 0.209”. The NSC LMX1501A 
is packaged in a standard JEDEC SO 16, which has the 
same pin to pin pitch, but a body width of 0.153”. Figure 2 
shows an overlay of the JEDEC package on a PCB showing 
(typical) EIAJ solder pads. Figures 3 and 4 show the dimen- 
sions of the two packages. Re-layout of the PCB is advisa- 
ble, but probably not mandatory. Although not optimal, 
lengthening the solder pads by 0.35” will accommodate 
both package types. Corrective action: re-design the PCB 
using a smaller footprint. 


f 0.35" 
Tour 


TL/W/12029-3 





FIGURE 2. Footprint Overlay 
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FIGURE 3. LMX1501A Outline Drawing 
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FIGURE 4. MB150X Outline Drawing 
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Loop Filter Configuration. Figure 5 shows a loop filter to- 
pology which is often found with MB150X components. It is 
unusual in its placement of a series resistor before the inte- 
grating capacitor. This resistor effectively causes the volt- 
age at the charge pump (CP) output to increase instanta- 
neously as the CP delivers large current pulses. For the 
MB150X, since the sink current is much higher than the 
source current, the delivered pump up current is limited by 
this resistor, which makes the negative frequency lock time 
increase. Because of the low output of the MB150X charge 
pump source current, the series R does not noticeably de- 
grade performance, and it allows an additional lowpass filter 
function to cope with the large spurious response caused by 
time and current imbalance. The LMX1501A, however, with 
a balanced CP design, is sensitive to this resistance. It caus- 
es current limiting in the CP output, Do, which decreases 
the phase detector gain. This effect is most noticeable in 
large frequency steps or steps towards the high end of the 
tuning range. Fortunately, this resistance can be removed 
with no ill effect. The dramatically lower spurious content of 
the LMX1501A eases the filter requirement substantially. 
Corrective Action: remove and short the series resistor at 
Do. 


MB150X VCO 
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C1 Voltage 
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LMX1501A co 


Control 
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FIGURE 5. Loop Filters 
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ELECTRICAL DIFFERENCES 


Charge pump output magnitude and balance of the source 
and sink currents can be seen in Figure 6. Laboratory mea- 
surements of the LMX1501A/MB1501 sink and source cur- 
rents using an HP4145A Semiconductor Parameter Analyz- 
er are shown for Vcc = Vpp = SV. 


0.0 Do Voltage 0.5000 /div (Vv) 5.0 


TL/W/12029-~7 
FIGURE 6. Charge Pump Magnitude and Balance 


Clearly, from the sample tested, the LMX1501A has better 
balance between the sink and source currents. The positive 
and negative lock times are therefore nearly equivalent, and 
the spurious energy is greatly reduced. Since the overall 
magnitude of the charge pump currents are markedly differ- 
ent, the PLL dynamics will change due to the change in the 
closed loop gain. In order to take full advantage of the supe- 
rior performance of the LMX1501A charge pump, loop filter 
component values should be optimized corresponding to 
the LMX1501A phase detector gain. If an external charge 
pump implementation is used, no modification is necessary. 
Corrective Action: Optimize component values for appro- 
priate loop gain. 


$18: MSB 


Data (S15: MSB) 


Max voltage on the internal (Do), and external (4;, dp) 
charge pump of the MB150X is 10V,: and 6V for the 
LMX1501A. Although the bulk of applications, do not require 
VCO tuning voltages above 5V, certain systems use higher 
Vcoc’s. The LMX1501A cannot attain voltages higher than 
6V because of the N-channel breakdown voltage. For tha 
charge pump of the LMX1501A to drive voltages greater 
than 6V one may use an active loop filter to provide the DC 
gain needed. Unfortunately, this is a redesign, and reduces 
the tuning sensitivity of the PLL. Corrective Action: If Vp < 
6V, No Action needed. 


SOFTWARE COMPATIBILITY 


If the specifications for the MB150X for the data timing are 
met, the LMX1501A will also program correctiy, since the 
programming protocol is identical: If tes, the clock to enable 
set-up time, equals 0 ns, then the LMX1501A will not pro- 
gram correctiy, while the MB15XxX will continue to function 
out of spec. The data input timing of the LMX1501A is more 
than fast enough to accept MB150X programming, since the 
specification for setup and hold times are >50 ns, and the 
MB150X ‘specification calls for setup and hold times of 
21 ps. Corrective Action: Make sure Clock returns to a 
low state before the rising edge of Load Enable. 


ADDITIONAL NOTES 


The major differences between the LMX1501AM and the 
MB150X that merit attention when replacing or dual sourc- 
ing have been discussed. Although the user may realize ad- 
ditional performance advantages from the LMX1501A, such 
as power dissipation, phase noise, lock time, and spurious 
performance, these are not discussed in depth, with the em- 
phasis put on fundamental similarities and differences in the 
functional operation of the parts. With attention to the pack- 
age size, loop filter, and programming, the LMX1501A will 
easily replace the MB150X series for many applications. 
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FIGURE 7. Data Input Timing 
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Specification for the DECT 
ARi'T Interface to the 
Radio Frequency Front End 


INTRODUCTION 


This document will describe the 1/O necessary to drive the 
National Semiconductor DECT radio frequency (RF) front 
end chip set. This is intended to help the system designer 
define the control signals for the RF front end, implemented 
as a direct modulation, single conversion receiver architec- 
ture. A single conversion transmitter and dual conversion 
receiver can be added with a second PLL and some other 
minor changes. 


1.0 DECT SYSTEM OVERVIEW 


1.11/0 Requirements 


The National Semiconductor solution for the DECT RF front 
end includes microwave circuits, frequency synthesizers, 
and pre-baseband functions (modems, DACs, RSSI, etc.). 
From the block diagram in Figure 7, it can be seen that the 
analog microwave circuits require only a power down signal, 
but that the digital circuits will require more control signals. 
The requirements for each part will be described in detail 
below. 


1.2 The Front End Function 


The Radio Frequency (RF) Front End serves as the air inter- 
face for the communication link. When transmitting, the user 
transmit data is shaped by the lowpass filter in the base- 
band processor (LMX2411). This shaped data is then trans- 
formed into a modulated waveform by modulating a Voltage 
Controlled Oscillator (VCO). This modulated signal is ampli- 
fied to the proper output level by the power amplifier and 
output through a switch (or circulator), the roofing filter, and 
the antenna. ; 

When receiving, the signal is input through the antenna, the 
switch (or circulator), and the roofing filter. The signal is 
amplified with the low noise amplifier and downconverted 


National Semiconductor 
Application Note 908 


with the mixer (LMX2216B) to a fixed intermediate frequen- 
cy. Channel changes are done by changing the local oscilla- 
tor frequency driving the mixer with the frequency synthesiz- 
er (LMX2320). The intermediate frequency is then stripped 
of its information by a limiter/discriminator (L_MX2240). Data 
values are then recovered from the signal (LMX2411) and 
sent to the burst mode controller. The received signal 
strength is also recovered (LMX2240) and filtered. The 
RSSI signa! is digitized by an ADC on the burst mode con- 
troller or on the microprocessor. 


To accomplish modulation of the VCO, the phase-locked 
loop that is used to set the channel frequency must be 
opened. This is done by powering down the LMX2320 PLL 
using the Power Down (PD) pin. When this is done, the 
charge pump output shifts to a TRI-STATE® mode, effec- 
tively preserving the loop voltage. The modulating signal is 
then added to the loop voltage by a resistive adder. The 
DECT TDMA/TDD bursts are short enough that with appro- 
priate components and careful design, the discharge of the 
loop filter voltage (frequency accuracy) is within DECT spec- 
ifications. Note that this method only requires a VCO to 
have a single tuning port. 


A critical feature of open loop modulation is control over the 
VCO load. The receive power down signal turns the receive 
mixer on and off, changing its impedance. The LO switch 
transitions from this mixer to the power amplifier input. The 
power amplifier input impedance is a function of the power 
amplifier power down signal and of input power to it. The 
timing and sequence of these control signals will affect the 
VCO frequency error (jump) and should be carefully man- 
aged once the PA, switch, mixer, and VCO are chosen. See 
Section 2.5 for more details on open loop modulation. 


Microcontroller/RAM/ROM 
Encoder/Decoder 
Voice Codec 
Burst Mode Controller 


Crystal Reference - 
Tx Pwr Dwn 
1 Ari! 
TL/W/11912-1 


FIGURE 1. Typical DECT RF Front-End Subsystem with ARI! Dividing Line Indicated 
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2.0 SYSTEM CONTROL SIGNAL REQUIREMENTS 


>10ms 


Transmit timeslots 


VCOPD 
400 us 
PLL_PWR_DWN 


- » "Receive timeslots 


” RX_PWR_DWN 


-. S_FIELD 


FIGURE 2. A Typical Timing Diagram for the RF Front End Power Down Signals (during Active Locked Mode). 


7 | Min | typ | Max | min | Typ | Max | 
| vcoPowerDown Ss | to | | TT 

PLL_PWR_OWN | PLLPowerDownHIGH | 30_| 150 | 4oo | | | | 

| | Power AmplifierPowerDown | 15 | 27 | 40 {| o | | 

[| TransmitSectionPowerDown | 30 | 50 | 24 | o | |. | 

poe? bee 


TPAPD 
TX_PWR__DWN 


In Figure 2 above, the timing diagram for the overall front 
end power down signals is shown. Note that this is a typical 
case, and that in fact there are some signals that will vary in 
length. The table below shows. the ranges of values for the 
various power down signals. In the table, the times are ref- 
erenced to either the time required before a burst (timeslot) 
starts or the time required after a burst ends. 


In the above table and in Figure 2, it can be noticed that the 
VCO is turned on and left on for the entire active locked 
period, while the PLL is powered down between bursts. The 
transmit and receive power down signals, as well as the 
switch signals (see Section 2.3), are toggled for each burst 
to conserve current. The numbers given in the table and 
Figure 2 represent a typical DECT application. The power 
amplifier should be ramped both on and off in 27 xs each 
(DECT specification, Part 2: Physical Layer, Sections 5.2- 
5.3, Figure 13). The S_FIELD signal should be enabled at 
the start of the burst and last for 30 bits of the 32-bit pream- 
ble. This allows for some timing offsets in the burst mode 
logic. The transmit/receive switches need to be thrown at 
the same time or before the power amplifier begins its final 


TSWn 
RX_PWR__DWN 
S_FIELD 
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Unit 


ms 
ps 
BS 
BS 
ps 
“ns 
ps 
BS 


ew 
ie 
ea 
| eal 


power up, so their times are chosen to be the same before 
the burst, but they are delayed while the power amplifier 
turns off to avoid any more amplitude modulation of the 


. Signal than necessary and to correctly terminate the power 
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amplifier. The phase locked loop and the transmit section 
must be turned on 400 ps before PLL_PWR_DWN goes 
LOW so that the loop compensates for the mid band volt- 
age of the modulating signal. This is why they have two 
different power down signals offset in Figure 2. In transmit 
mode, the PLL must first settle to the transmit frequency 
and then be opened to allow modulation to take place. The 
transmit DAC’s output should be at mid-range voltage prior 
to opening the loop to ensure that the loop centers on the 
correct frequency and then deviates equally to each side 
based on the modulation (see Figure 3). This is achieved by 
toggling Tx PD LOW {i.e., powering up the transmit portion) 
on the LMX2411 and holding Tx Data constant (either HIGH 
or LOW). The first edge on Tx Data will synchronize the 
LMX2411 to the transmit data and will also start transmis- 
sion of the data through the digital filter. 





es ey ee, 
pf et 
ee EV ee 
FN oe 
were eS ee ee Ce PS ae ee ee 


Time (ys) 
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FIGURE 3. Plot of PLL_PWR_DWN Signal and Modulator Output after TX_.PWR_DWN Is LOW 


The receiver must be powered up 60 us before a receive 
burst to allow the receive chain to fully power up and settle. 
Note that some standard products, such as the Sierra Semi- 
conductor SC14400, have burst mode control signals that 
comply with the ARi!. The SC14400, for example, provides 
9 pins for power down and load enable functions that are 
fully flexible with respect to timing. These signals can switch 
at any bit time, as long as only one is switched at a time. 
Also, two of these pins are higher in current to support the 
current required for PIN diode switches. A typical order of 
power down signals for one burst is the following: 
Action: 
1) Program PLL to the transmit frequency 
. 2) Turn on PLL 
3) Turn on Baseband Processor transmit section 
4) Throw LO switch to “Transmit” position 
5) After loop settles, open PLL 
6) Throw RF output switch (if any) to “Transmit” position 
7) Ramp on power amplifier 
8) Transmit data 
9) Ramp off power amplifier 
10) Throw Transmit/Receive switches to “Receive” 
position 
11) Turn off Baseband Processor transmit section 
12) PAUSE 
13) Program PLL to the: receive mequency 
14) Turn on PLL 
15) Turn on receiver section 
16) Receive data; generate S_FIELD signal for DC 
compensation 
17) Turn off receiver section 
18) Turn off PLL 
19) Repeat steps 13) through 18) to monitor a second 
channel. 


It is interesting to note that the unlocked output from the 
synthesizer is very low in noise. The user should consider 
using the unlocked LO during receive mode. This would re- 
sult in a lower noise LO, but it could also result in more 
frequency drift. The drift specification in DECT is 
13 kHz/ms. Presently, National Semiconductor has ob- 
served typical drift measurements of 55 kHz/second, or 55 
Hz/ms. 


2.1 The Receive Chain 


The LMX2216B is the Low Noise Amplifier and Mixer, and 
the LMX2240 is the Intermediate Frequency Receiver. For 
DECT, these functions should be active only during receive 
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mode. To accomplish this, the power down pin of either part 
should be driven low to activate the device and high to pow- 
er it down. This polarity is chosen so that the user can sim- 
ply ground the power down pin to permanently activate the 
part. The power down signal for each part should be the 
global receive power down (RX_PWR_DWN) signa! for 
the entire receiver. This and all global power down signals 
should be CMOS power down signals unless noted other- 
wise. Using CMOS signals and CMOS power down switches 
on board each IC reduces power consumption and avoids 
the longer power up times that would be governed by de- 
coupling capacitors on regulated supplies. 

In addition to the power down signal, the analog output of 
the LMX2240's RSSI circuit should be sent to either the 
burst mode controller (e.g., Sierra SC14400) or to the micro- 
controller (e.g., Mitsubishi M37702) for digitization and peak 
hold by the ADC. Note that the microcontrollers ADC may 
not be fast enough to do the peak hold function digitally. In 
that case, an analog peak hold circuit must be added before 
the input to the microcontroller’s ADC. 


2.2 The Phase Locked Loop (PLL) 

Frequency Synthesizer 

The LMX2320 is the 2.0 GHz frequency synthesizer. This 
part is provided with a power down pin as well as three pins 
to be used for serial programming of the desired center fre- 
quency and step size. The power down pin requires a sepa- 
rate control signal (PLL_PWR__DWN) because the synthe- 
sizer may be operating during both transmit and receive 
modes. The programming interface is a three wire 
MICROWIRE™-compatible interface with write-only capa- 
bility. The Load Enable (LE) pin is active low. When the LE 
pin goes high, the loaded data is sent to the appropriate 
register in the synthesizer. 

The timing for the LMX2320 is as follows. When the LE pin 
is low, the LMX2320 is ready for data from the channel con- 
troller (microprocessor or burst mode controller). On each 
tising edge of the clock, a serial bit is loaded from the data 
input. When LE goes high, the data is loaded into the pre- 
scaler and reference registers, and the channel is changed. 
The data cannot be shifted into the shift register until LE 
goes low. 


The LMX2320 has two registers that need to be pro- 
grammed. The Reference divider (R Counter) is a counter 
that divides the (crystal) reference frequency. It is pro- 
grammed with a 14-bit word when the control bit is high, or 
“1”. A fifteenth bit is used to set the programmable 
(128/129 or 64/65) prescaler. The frequency divider (N 
Counter) divides the input frequency and is programmed 
with a 18-bit word when the control bit is a low, or ‘0’. The 
structure of the words is given on the following page. 
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To program the R Counter, the data should be the following 


*d signifies a desired data bit, i.e., a “1” or a “O” 


To program the N Counter, the data should be the following: 


*d signifies a desired data bit, i.e., a “1” or a “0” 


For DECT operation using a 10.368 MHz crystal and a refer- 
ence, or step size, of 1.728 MHz, 


R=6 

N = 1089... 1098 

P= 64 — 
For further information, please consult the LMX2320 Data 
Sheet. 


2.3 The Voltage Controlled Oscillator (VCO) and Trans- 
mit/Receive (T/R) Switches ‘ 


The VCO power down signal will probably originate from the 
LP2951 regulator directly. When the regulator is powered 
up, the VCO will be powered up. This is due largely to the 
long turn on times for VCO’s. The VCO’s individual data 
sheets must be consulted for turn on time, as these may 
vary among manufacturers. 


Up to two switch functions are required. The first is the sig- 
nal control between the antenna and the Low Noise Amplifi- 
er (LNA) or power amplifier. A quarter wave length pin diode 
switch directs the RF signal to the LNA with low power dissi- 
pation. In transmit mode, current is passed through two PIN 


(P= 


“1” for 64/65, P = “O” for 128/129): 


diodes to provide a low loss connection from the power 
amplifier to the antenna, and to isolate the LNA. Note that 
this switch can be replaced by a circulator. 


The second switch controls the output of the VCO. This 
switch directs the VCO output to the receiver mixer or di- 
rectly to the power amplifier input. Figure 4 shows these 
functions below. Presently, two VCO manufacturers, ALPS 
and muRata, produce wideband VCOs which span the en- 
tire 1830 MHz needed to achieve a single conversion receiv- 
er. 


2.4 The Power Amplifier 

The power amplifier requires a separate TPAPD signal for 
turning the PA on because of the power amplifier ramping 
required by DECT. (TX_PPWR__DWN must turn on earlier to 
allow the PLL to lock to the correct frequency and not be 
offset by the mid band voltage of the LMX2411.) The power 
amplifier can be ramped with a single RC circuit or with a 
more complex raised cosine shaping. The technique used 
will depend on the power amplifier manufacturer's circuit. 
One circuit which has been used at National for GaAs pow- 
er amplifiers is shown in Figure 5. 


O Output control 


LO Control 


TL/W/11912-4 


FIGURE 4. Block Diagram of the Possible Switches Necessary In the RF Front End 
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FIGURE 5. The Circuit for the Power Amplifier Ramping Used by National Semiconductor and its Typical Performance 
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2.5 The Baseband Processor 
2.5.1 General Functions 


The LMX2411 is the baseband processor, or the interface 
between the RF front end and the digital back end. It func- 
tions in both the transmit mode and the receive mode, al- 
though only part of the chip is powered up at any given time. 
The LMX2411 has two power down pins, Tx PD and Rx PD, 
that should be driven with the appropriate global power 
down signal. This power down configuration reduces current 
consumption. In addition to the power down pins, the 
LMX2411 requires a Sys Clock and Tx Data input, a control 
signal input for its DC compensation circuit (S-Field), and a 
Comp Out output line. 


The Sys Clk input can be one of three system clocks com- 
monly used in DECT: 10.368 MHz (9x), 13.824 MHz (12x), 
and 18.432 MHz (16x). This clock is used to clock the ROM 
filter and shift the Tx Data bits through the ROM addresses. 
Tx Data is the actual information data to be transmitted and 
is input from the burst mode controller. The control line that 
is needed for the DC compensation circuit, S__FIELD, also 
comes from the burst mode controller. This should only en- 
able the DC compensation circuit during 30 bits of the DECT 
preamble to allow for 3 bits of timing inaccuracy. The DC 
compensation on the LMX2411 is an analog loop using a 
sample and hold circuit. The DC compensation method us- 
ing the sample and hold circuit is intended to provide a fast 
RC averaging over a known sequence (DECT preamble). 
The analog method can be used without an S__FIELD sig- 
nal, providing a long term average of the DC value through 
the use of a large capacitor on pin 2 of the LMX2411. How- 
ever, this technique is not recommended due to its long 
start-up time and its sensitivity to long strings of 1’s and 0’s. 
Note that some burst mode controllers, in particular the Si- 
erra SC14400, can support both this method and a digital 
DC compensation loop (see DC Compensation). The only 
output of the LMX2411 is the comparator output, which pro- 
vides a CMOS level output ready for timing recovery to the 
digital back end. 


LMX2411 DAC out O 


LMX2320 Do O 


2.5.2 Open Loop Modulation 


Open loop modulation is a technique that allows for a rela- 
tively simple implementation as long as frequency pushing 
and load pulling effects can be controlled. The loop is 
opened by powering down the PLL, which in the LMX2320 
results in a TRI-STATE at the charge pump output. For short 
bursts, the loop filter will not lose the charge, and the center 
frequency will not drift. Figure 6 shows a sample circuit for 
modulating on an open loop. Note that the VCO requires 
only one tuning port for both locking and modulation. R; and 
Ro will vary depending on which wideband VCO is used. 
The proper equation to be used in determining R; and Ro is 
below: . 

V + Fe _. = 576 kHz (1) 

DAC Ry + Re V 

In this case, Ky is the VCO sensitivity, expressed in MHz/V, 
and Vpac is nominally 1V. Generally, R; will be on the order 
of 50 kN to 250 kN, and the ratio of Ry to Re will vary from 
30:1 to 50:1 for wideband VCOs, and will be smaller for 
narrowband VCOs. Also, the 576 kHz is the peak-to-peak 
frequency deviation for DECT, which means the peak fre- 
quency deviation is half of that, or 288 kHz. 


It should be noted that the schematic in Figure 6 contains a 
unity gain buffer op amp at the output of the PLL’s loop 
filter. This op amp must have a low output impedance so as 
not to affect the voltage summing node for open loop modu- 
lation. This op amp will be necessary when using VCO’s 
with high varactor leakage to prevent the varactor from dis- 
charging the loop capacitor and therefore causing frequen- 
cy drift. This buffer should be powered up whenever the 
VCO is powered up, and so should be connected to the 
VCO's power down line. Figure 7 shows a plot of typical 
frequency jump and drift that can be expected from open 
loop modulation when the load pulling and frequency push- 
ing effects have been properly controlled. 


LMC6583CIM 
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FIGURE 6. Circuit Diagram for Direct, Open Loop Modulation 
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FIGURE 7. Plot of Frequency Discriminator Output of Unmodulated Open Loop Carrier over a 400 1s Burst 
Showing the Loop Opening at 60 ys and the Resulting (Lack of) Drift. Units are kHz/ys. 
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Frequency pushing is controlled by putting a series 102 re- 
sistor and a shunt 1 uF to 4 uF capacitor on the VCO Voc 
line from the LP2951 voltage regulator. Load pulling is con- 
trolled by using an attenuator and an RF buffer between the 
VCO and the power amplifier. The power amplifier and T/R 
switch both affect load pulling. RF coupling can also cause 
frequency drift, and this is controlled by providing good 
shielding between the power amplifier and the VCO. 


2.5.3 DC Compensation 


Compensation of the drift in DC of the demodulated eye due 
to frequency error, co-channel interference, or temperature 
effects can be’ implemented by using an analog ‘“‘sample 
and hold” technique, or by using a digital duty cycle detec- 
tion. In the analog method, the received, demodulated sig- 
nal is input both to the comparator “+” input and to the 
sample-and-hold (S&H) buffer amplifier. The S&H buffer al- 
lows a single RC filter to average the DC value of the re- 
ceived signal without distorting it. This DC value is connect- 
ed to the ‘“‘—” input of the comparator. When the signal 
S__FIELD is used (named after the synchronization field in 
DECT), this circuit can acquire the DC voltage during the 
preamble and then hold it (with the external capacitor) for 
the duration of the burst. This solution avoids the problem of 
long strings of 1’s and 0’s that conventional continuous av- 
eraging circuits have while still reacting quickly to acquire 
the proper DC average at the beginning of a burst. This 
solution is provided internally to the LMX2411. Figure 8 
shows a typical response curve of the DC threshold level 
from initial startup. Note that the discharge of the capacitor 
is very low, which means that once the first burst acquisition 
has been done, all following bursts should be recovered 
with minimal CRC errors. 


Another method of DC compensation is to monitor the duty 
cycle of the output of Comp Out, and adjust the level of an 
external threshold DAC that drives the LMX2411’s compar- 
ator threshold directly. The digital method has the added 
advantage that the last value of the DAC can be pre-loaded 
for each timeslot, thus introducing memory into the system. 
The Sierra SC14400 supports both DC compensation meth- 
ods. 


2.6 Summary of ARi! Signals 


The following is a summary of all thirteen (13) signals that 
are contained in the ARi! specification and their descrip- 
tions. 


2.6.1 Tx Interface 
2.6.1.1 TX_PWR_DWN 


This signal is used to change the transmitter between power 
down and active modes. TX_PWR_.DWN should go low 
460 bits (400 js) prior to start of transmission. 


2.6.1.2 TPAPD 


This signal is used for turning the power amplifier on and off. 
This signal should enable the power amplifier 31 bits (27 #8 
prior to start of transmission. 


2.6.1.3 TSWp/TSWn 


These signals are used for the Tx/Rx switch at t the antenna 
and/or VCO output. They are inverse signals of each other, 
and one or both may be used in a given implementation. In 
the case of TSWp, a “LOW” signal indicates the output of 
the VCO goes to the Rx mixer. A “HIGH” signal indicates 
the output of the VCO goes to the power amplifier. For 
TSWn, the polarity is reversed. This signal should switch 
approximately 30 bits (27 ps) before the start of either 
transmission or reception of the signal. 

2.6.1.4 TX_DATA 


Data to be transmitted. This is sent three bit times prior to 
start of transmission to account for three bit delay in the 
ROM filter. Also, three padding bits are added at the end of 
the burst to ensure the last desired bit is transmitted. The 
polarity of this signal determines reset state of LMX2411 
ROM address. See the LMX2411 data sheet for more de- 
tails. 

2.6.1.5 SYS_CLK 


This is the reference clock for both the LMx2411 and the 
LMX2320. It should have a frequency of either 10.368 MHz, 
13.824 MHz, or 18.432 MHz and should be active anytime 
the transmitter or frequency synthesizer is active. This sig- 
nal can be a CMOS signal or have a voltage swing with as 
little as 500 mVpp. 

2.6.2 Rx Interface 

2.6.2.1 RX_PWR_DWN 

This signal is used for the Rx to change between power 
down and active modes. RX_PWR_DWN should go LOW 
70 bits (60 jxs) prior to start of reception of the signal. 
2.6.2.2 RSSI 

This is the analog RSSI signal that originates from the 
LMX2240. This signal should be connected to an ADC that 
is either in the burst mode logic or the microcontroller. 


TL/W/11912-8 


FIGURE 8. Plot of DC Compensation Circuit Response vs Time from Full Discharge of Hold Capacitor 
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2.6.2.3 RX_DATA 

Demodulated, received data for input to the burst mode 
controller. This is the output from the comparator. 

2.6.2.4 S_FIELD 

This signal is used to enable the analog DC compensation 
circuit on the LMX2411. This signal should go LOW 2 bits (2 
ps) to 0 bits (0 ps) before the start of reception of the sig- 
nal. This signal should go HIGH 32 bits (29 j:s) to 30 bits (27 
ps) later for an effective 30-bit averaging period for the 
sample and hold circuit. 

2.6.3 Synthesizer Interface 

2.6.3.1 PLL_PWR_DWN 

This signal changes the phase-locked loop (PLL) frequency 
synthesizer between power down and active modes. PLL__ 
PWR__DWN should go HIGH between 115 bits (100 js) 
and 461 bits (400 ps) before the PLL will be locked. Note 
that this results In a blind slot implementation for DECT. 
PLL_PWR_DWN should go LOW 31 bits (27 us) before 
the start of a transmission to unlock the PLL. NOTE: THE 
LMX2320 PLL CAN BE PROGRAMMED IN THE POWER 
DOWN STATE. 

2.6.3.2 ENABLE 

Enable signal for the LMX2320 programming interface. 
2.6.3.3 DATA 


Data line for the LMX2320 programming interface. 
ELECTRICAL CHARACTERISTICS 


2.6.3.4 CLOCK 

Clock line for the LMX2320 programming interface. 
2.6.4 System Signals 

2.6.4.1 VCO_.PD 


May be used as a system PD as well by connecting to an 
LP2951 (or equivalent) voltage regulator output. To power 
down the VCO, the regulator would be turned off, which 
would also turn off the entire RF front end. 

2.6.4.2 VeaTt 


The battery voltage that presumably will come from 3 NiCad 


‘battery cells or their equivalents. This is the power supply 


that is regulated on board the RF front end. All ICs are 
driven by this except the power amplifier, which operates 
directly from the battery. This signal should be connected 
directly to the battery with short lead lengths to minimize 
losses during times when the power amplifier is on and also 
to avoid lead inductances which cause variations in Voc 
and Vgat. 


2.6.4.3 GND 
This is the return path to the battery. 


3.0 ELECTRICAL SPECIFICATIONS 


The RF front end runs on a single +3V supply. The table 
below gives the pertinent electrical specifications to inter- 
face to the RF front end’s CMOS circuitry. 


(The following specifications apply for supply voltage Vcc = +3V +5% V unless otherwise specified). 


Parameter 


Symbol 


DIGITAL INTERFACE SECTION 


VOH High-Level Output Voltage 
Vot 
VIH 
ViL 


lin Input Current 


Low-Level Output Voltage 
High-Level Input Voltage 


Low-Level Input Voltage 


Data to Clock Setup Time 
Data to Clock Hold Time 
Clock Pulse Width High 
Clock Pulse Width Low 
Clock to Enable Setup Time 
Enable Pulse Width 


tcs 
tCH 
tCWH 
towL 
tes 


tew 


: fat 
Tid veg 08 
ce ne 
eno <q von 
-seoDatainputTinng | 20 | 
T sooData apt Ting [0 
[seo Data nut Ting | 60 


| _Gongitions_ | min | typ | max | unit 


| tow==10ma | Vvoo-04 | | 
a ee 


Voc — 0.8 
1.0 
0 


ns 


Note 1: DC Electrical Characteristics for the digital section apply to all digital input and output pins. This includes Clock, Data, LE, PD, Tx Data, Tx PD, Rx PD, Comp 


Out and S-Field. 
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SERIAL DATA INPUT TIMING 


Data $18: MSB 


Clock 


NOTES: Parenthesls data indicates programmable reference divider data. 


’ Data shifted into register on clock rising edge. ~ 


A 
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St Control! Bit: LSB 


$1  Contro! Bit: LSB 





TL/W/11912-9° 





Introduction to Single Chip 
Microwave PLLs 


ABSTRACT 


Synthesizer and Phase Locked Loop (PLL) figures of merit 
including phase noise, spurious output and lock time, at mi- 
crowave frequencies, are examined. Measurement methods 
for these parameters and supporting software are discussed 
in detail. The requirements for the loop filler, the charge 
pump, the dual modulus prescaler and their effects on PLL 
performance are analyzed. 


INTRODUCTION 


Phase Locked Loops are used for many radio applications 
including frequency synthesizers, carrier recovery and clock 
. recovery circuits, tunable filters, frequency multipliers, re- 


PHASE 
DETECTOR 


REFERENCE 


CRYSTAL DIVIDER 


REFERENCE 


National Semiconductor 
Application Note 885 
Cynthia L. Barker 
Wireless Communications 


ceiver demodulators and modulators. This application note 
will concentrate on the use of a PLL as a frequency synthe- 
sizer, as shown in Figure 7. 


There are two main reasons for using a PLL as a frequency 
synthesizer. One is to translate the frequency accuracy of a 
high quality signal source to a tunable signal source. The 
second is to translate the noise characteristics of a high 
quality signal source to a lower quality signal source. The 
block diagram of a basic PLL is shown in Figure 7. The high 
quality signal source, in this case, is a crystal reference. 


A single chip PLL consists of the reference divider, the main 
divider (including a dua! modulus prescaler), the phase de- 
tector and a charge pump. 


MAIN DIVIDER 


TL/W/11815-1 


FIGURE 1. Block Diagram of a Basic Phase Locked Loop 


SYNTHESIZER AND PLL FIGURES OF MERIT 


Phase noise is a measure of the spectral purity of the tone 
produced by the PLL. It is dependent on the noise charac- 
teristics of the crystal oscillator reference and the VCO as 
well as some noise contribution of the dividers. Phase noise 
is defined as the ratio of the single sideband power (within a 
1 Hz bandwidth at some offset frequency) to the total carrier 
power. Phase noise is often measured in units of dBc/Hz. 


Spurious output is a measure of the level of the reference 
spurs (sometimes referred to as reference sidebands) on 
the output tone. The reference spurs appear on the output 
tone at the center frequency + the reference frequency and 
at integer multiples of the reference frequency. For exam- 
ple, a PLL operating at 836 MHz with a reference frequency 
of 25 kHz will have reference spurs at 836.025 MHz, 
835.075 MHz, 836.050 MHz, 835.050 MHz, etc. 


Lock time or switching speed is a measure of the settling 
time of the PLL once a change in frequency has been initiat- 
ed. The frequency step and the frequency accuracy to de- 
fine “locked” must both be defined for this measurement to 
be useful. 


PHASE NOISE MEASUREMENT METHODS 


The phase noise characteristics of the PLL can be mea- 
sured on a spectrum analyzer or using a phase noise test 
set. The spectrum analyzer test technique is described 
here. Phase noise is measured in units of dBc/Hz. This is 
done at several offsets from the output signal such as 1 
kHz, 10 kHz and 100 kHz. The spectrum analyzer is tuned 
to the desired center frequency and the span is adjusted so 
the appropriate offset frequency can be viewed. The differ- 


ence between the level of the carrier and the noise level 
minus 10 [log (resolution bandwidth)] is equal to the phase 
noise in dBc/Hz. The resolution bandwidth is read directly 
from the spectrum analyzer. The phase noise result in 
dBc/Hz is a negative number. Since phase noise is mea- 
sured in dBc/Hz the measurement is always normalized to a 
1 Hz bandwidth. The video averaging feature of the analyzer 
is used to better determine the noise level. An example of 
such a measurement, for the LMX1501A PLL using a refer- 
ence frequency of 25 kHz, is shown in Figure 2. Refer to the 
LMX1501A data sheet for application circuits. 


» REF-0.4dBm ATTEN 10dB 


isa He 


SAMPLE 


VID AVG 
51 


CENTER 826. 00 MHz 
RES BW 10 kHz 


SPAN 1.00 MHz 
SWP 30.0 ms 
TL/W/11815-2 
FIGURE 2. An 826 MHz Synthesizer Phase Noise 
Measurement @ 100 kHz = — 116 dBc/Hz. 
Using the LMX1501A PLL. 


VBW 30 kHz 
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Example Phase Noise Calculation. 
phase noise 
(@100 kHz) = —76 dBc —10 ® log(res.BW) 
—76 dBc — 10 ® log (10 kHz) 
(—76 — 10 © 4) dBc/Hz 

= —116 dBc/Hz 


REFERENCE SIDEBAND MEASUREMENT METHODS 


The reference sidebands can be seen on a spectrum ana- 
lyzer and are measured in dBc. The analyzer is set to the 
desired center frequency and the span is set to allow the 


reference sidebands to be viewed. For example, to see the 


reference spurs for a 1.7 MHz reference frequency the span 
would be set to 10 MHz. The spurious output is the differ- 
ence between the level of the PLL tone (at the center fre- 
quency) and the level of the reference spur (at the center 
frequency + the reference frequency). In Figure 3, the ref- 
erence sidebands for a 1.7 MHz reference frequency are 
about 78 dB down from the PLL tone, or —78 dBc. Refer to 
the LMX2320 data sheet for application circuits. 


MKR 1.881 82 GHz 


REF - 4.0dBm ATTEN 10dB -4.30dBm 


10 dB/ 
SAMPLE 


eee eesee 
SPAN feat 
10.0 MHz 


-78 dBc 


VID AVG 
25 


Rei 
elle | Nwol l 
ih ee 





SPAN 10.0 MHz 
SWP 30.0 ms 


CENTER 1.881 7GHz 
RES BW 30 kHz VBW 100 kHz 
TL/W/11815-3 
"FIGURE 3. An 1881 MHz Synthesizer witha 
Reference Frequency of 1.7 MHz and Sidebands 


@ 1.7 MHz = —78 dBc. Using the LMX2320 PLL. 


SWITCHING SPEED MEASUREMENT METHODS 


Switching speed is measured on an oscilloscope by probing 
the VCO tuning voltage. The transient response will be seen 


LeCroy 9310L 


Digital Oscilloscope Watkins 


Johnson 
M83C mixer 


ext. Trigger Ch. 2 


VCO tuning voltage 


Trigger on the rising edge of Load Enable. 


FIGURE 4. Test Setup and Lock Time for 10 MHz Step = 1.77 ms-- 


directly. This method shows the damping characteristics of 
the loop but does not provide the accuracy of the frequency 
match. 


Figure 4 illustrates an salvation method using a mixer to 
determine the accuracy of the frequency match. The signal 
generator is phase locked to the crystal reference input to 
the PLL. This is accomplished by using a signal generator 
for the crystal reference and having the 10 MHz reference 
used as an external reference for the other signal generator. 
The output of the VCO is mixed with a signal (from a signal 
generator) at the desired frequency (using the mixer as a 
phase detector). When the frequencies are matched a DC 
voltage appears at the output of the mixer. When the fre- 
quencies are mismatched a beat note appears at the output 
of the mixer. Either of these signals is viewed on a scope. 
The peak to peak amplitude of the beat note represents a 
phase offset of +180°. The slope of the beat note repre- 
sents a change in phase divided by time, which is equivalent 
to frequency. This frequency represents the frequency mis- 
match. As’ the slope of the line approaches zero the '‘fre- 
quencies converge, and the loop locks. This method gives a 
frequency accuracy within 100 Hz. 


An example of the above two types of switching speed mea- 
surements is shown in Figure 4. Channel 1 shows the VCO 
tuning voltage and channel 2 shows the output of the mixer 
IF port. 

A third method uses a spectrum analyzer to view the tran- 
sient response by setting the frequency span to 0 Hz. The 
display is effectively now frequency versus time. The video 
band width should be set on maximum. The frequency off- 
set will be equal to the resolution bandwidth setting at 10 dB 
down from the top on the vertical axis. This is due to the 
filter characteristics of the analyzer.’ To be fully accurate the 
external trigger of the analyzer should be triggered off. the 
loading of the new frequency. This method is not.recom- 
mended for measuring lock times under 10 milliseconds be- 
cause on some spectrum analyzers the. display response 
time of the analyzer is longer than a few milliseconds and 
erroneous data can result. A modulation domain analyzer 


: can also be used to measure switching speed. It displays 


HP 8657B 


Signal Generator 


_ ext. 


Rohde & Schwarz 
SMHU.52 


frequency versus time directly. but it is not available in all 
labs. 


10 MHz 
time base 


reference 





Signal Generator 


0.5 ms = 11.45ms 1 : 
a TLBIBEL 1 0.1V 0c - At 1.7650 ms ai 566.57 Hz A 
ORS TA BG ey ; 


* TL/W/11815-5 


‘using a LMX1501A with a Reference Frequency of 25 kHz. 
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SUPPORTING SOFTWARE 


A software program of some kind is needed in order to pro- 
gram the PLL chip to test it. National Semiconductors LMX 
series of PLL chips are programmed via a three line 
MICROWIRE™ serial interface (clock, data, load enable). 
National Semiconductor Corporation provides a DOS pro- 
gram to allow the user to program the chip from the parallel 
port of a DOS personal computer. The user enters the fre- 
quency of operation, the reference frequency and the crys- 
tal frequency then presses one key to load in the appropri- 
ate divider values. The frequency can be tuned in steps of 
the reference frequency and a switching mode is available 


to test the lock time. The user enters the number of steps” 


and the PLL will switch between the two frequencies. The 
user interface for the program is function key driven. De- 
tailed operating instructions are provided with the software. 
For more information on the PLL software program contact: 


(in Asia Pacific region) 


Wireless Communications Product Applications 
National Semiconductor Hong Kong Ltd. 
Ocean Center 15/F, Straight Block’ 

5 Canton Road 

Tsimshatsui, Kowloon, Hong Kong 
852-737-1800 


(in Europe) 


Wireless Communications Field Applications 
National Semiconductor European Headquarters 
Industriestrasse 10 ‘ 

D-8080 Furstenteldbruck 

Germany 

49-8141-103-557 


(in Japan) 

Innovative Product Application Engineering 
Communication Business Center 

National Semiconductor Japan Ltd. 
Sansei-doh Shinjuku Bldg. 5F 

4-15-3 Nishi Shinjuku 

Shinjuku-ku, Tokyo, Japan 

81-3-3299-7001 


(in North or South America) 


Wireless Communications Applications 
National Semiconductor Corp. 

1090 Kifer Rd. 

Santa Clara,.CA 

(408) 721-4748 


LOOP FILTER 


The design of the loop filter involves a trade off Between 
reference sidebands and switching speed. The loop. filter 
must be designed for the correct balance between refer- 


_ ence spurs and lock time that the system requires. General- 


ly, the narrower the loop bandwidth the lower the reference 
spurs but the longer the lock time. The circuit in Figure 5 
shows a type 2 third order passive loop filter configuration 
and its transfer function. 


CHARGE 


PUMP 





TL/W/11815-6 
ReC2es+1 
s(C2 + C1(ReC2¢s + 1)) 


FIGURE 5. Passive Loop Filter Circuit 
and Loop Filter Transfer Function. 


A type 2 loop has two integrators within the loop, a VCO and 
an integrator/filter. The order of the loop is determined by 
number of poles of the transfer function. Using the phase 
detector and VCO constants (Ky and Ky) and the loop filter 
transfer function (G_F) the open loop Bode plot can be cal- 
culated. Ky and Ky are available from the PLL IC and VCO 
manufacturers. The control circuit, the open loop transfer 
function and the open loop Bode plot are shown in Figure 6. 
The loop bandwidth is shown on the Bode plot as (wp) the 
point of unity gain. 


Gir(s) = 


Control Circuit 


(G = Forward transfer function, H = Feed back) 
Open Loop Transfer Equation 


GH(s) = Ke — Ky 


TL/W/11815-8 


Open Loop Response Bode Pilot 


PHASE waron /T\ 


FREQUENCY 
TL/W/11815-9 


FIGURE 6. Control Circult, Open Loop Equation and Bode Plot 





1-151 


S88-NV 





AN-885 


CHARGE PUMP AND PHASE DETECTOR 


‘A current charge pump and a phase frequency detector are 


implemented in National Semiconductor’s LMX series of 
PLL chips. To increase the VCO frequency the charge pump 
outputs a pump up (source) current. To decrease the VCO 
frequency the charge pump outputs a pump down (sink) cur- 


‘rent. This current pulse charges the voltage of the capacitor 


C1. The charge pump is capable of supplying a controlled 
charge to the loop filter over a wide range of voltages, as 


_ shown in Figure 7. 


The phase detector and charge pump are difficult to charac- 
terize separately. The figures of merit for the combination 
include linearity, sensitivity and deadband range. The linear- 
ity of the charge produced by the charge pump with respect 
to the detected phase error is critical to providing low spuri- 
ous and low phase noise. The sensitivity (Ky) is measured 
in mA/radian and depends on the charge pump current ca- 
pability. Current mode charge pumps commonly have a 
dead zone where the gain changes dramatically for a very 
small phase error. The divider outputs fr and fp are a series 
of pulses whose relative timing reflect the phase or frequen- 
cy error, as shown in Figure 8. At some point the pulses are 
too close together for the phase frequency detector to dis- 


FIGURE 8. Phase/Frequency Error Pulses 


tinguish them. This is the deadband or dead zone, as shown 
in Figure 9. The LMX series of PLLs use a Prem feed- 
back method to minimize deadband. . 


Charge Pump Current vs Dg Voltage 


CURRENT (mA) 


15 2 25 3 #35 4 45 
D, VOLTAGE (V) 
TL/W/11815-7 
FIGURE 7. Charge Pump Current vs Voltage for the LMX 
Series of PLL Chips 


i <f i. < fy 
TL/W/11815~11 





1-152 


Phase Detector/Charge Pump Linearity 
lo 


: TL/W/11815-10 
IGUEE 9. Charge Pump Current vs. Phase Error, 
showing Deadband. 


DUAL MODULUS PRESCALER 


Dual modulus prescalers allow operation of the divider chain 
at high frequencies while most of the divider operates at a 
lower frequency. However, this capability sets limits on the 
range of the divider. The divider is made up of an A counter 
and a B counter. The A counter is the swallow counter and 
the B counter is the programmable divider. The condition for 
a legal divide ratio is that B = A. 


The necessary divide number (N) is calculated by dividing 
the desired frequency by the reference frequency. 


N 
fout = Nfret = R forystal 


crystal frequency 


fret 
The output frequency must be an integer multiple of the 
reference frequency. Once the divide ratio is calculated a 
check can be made to determine whether it is above the 
minimum continuous divide ratio. The minimum continuous 
divide ratio is equal to P(P—1) where P is the prescaler 
divider. For example the minimum divide ratio for a 64/65 
prescaler is 64(64—1) or 4032. If the divide ratio required 
(N) is below the minimum continuous divide ratio it may be a 
legal number but it must be verified that B = A. The values 
for A and B can be calculated from the following equations: 


B = NdivP 
A = NmodP 


A divide ratio that is above the minimum continuous divide 
ratio or satisfies the condition B = A is a legal divide num- 
ber. The PLL will not operate if it is programmed with an 
illegal divide number. For example, in choosing a prescaler 
for a DECT (Digital European Cordless Telephony) system 
the required divide ratios for the transmit side would be 
1089 to 1098. The frequencies of operation for DECT are 


= reference divide ratio = 


1881.792MHz to 1897.344 MHz with a channel spacing of 
1.728 MHz. The reference frequency used is 1.728 MHz. 


1881.792 1897.344 
1.728 1.728 


The minimum continuous divide ratio for a 64/65 prescaler 
is 64(64—1) or 4032. The minimum continuous divide ratio 
for a 128/129 prescaler is 128(128—1) or 16,256. For 
DECT the divide ratios required do not exceed the minimum 
continuous divide ratio for a 64/65 or 128/129 prescaler. 
Therefore, it must be verified that the condition of B= A 
holds true. This is determined as follows: 


= 1089 and = 1098 


TABLE I. Example Dual Modulus Prescaler Calculation 


For the 64/65 prescaler, Table 1 shows B = A therefore it 
can be used. The 128/129 prescaler cannot be used since 
A > B. The above calculation demonstrates that a 64/65 
prescaler can be used in the DECT system for the transmit 
PLL. 


CONCLUSION 


The performance of a PLL as a frequency synthesizer is 
measured in terms of phase noise, spurious output and lock 
time. The techniques for measuring these parameters have 
been discussed. The loop filter, charge pump/phase detec- 
tor and dual modulus prescaler and their impact on PLL 
performance have been analyzed. Example performance 
metrics were demonstrated for National Semiconductor’s 
LMX series of PLL chips. These ICs provide the capability to 
produce a low power, low noise, low spurious and fast 
switching frequency synthesizer. With a properly designed 
loop filter excellent performance can be achieved. The LMX 
series of PLL chips provide the building block around which 
a high performance frequency synthesizer can be designed. 
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integrated LNA and Mixer 
Basics 


ABSTRACT 


Basic theory and operation of low noise amplifiers and mix- 
ers are presented. Important figures of merits of these two 
devices such as gain, noise figure, compression point, and 
third order intercept point are introduced and derived. Mea- 
surement methods of these figures of merit are also de- 
scribed. 


LNA 


Low noise amplifiers (LNAs) are widely used in wireless 
communications. They can be found in almost all RF and 
microwave receivers in commercial applications such as 
cordless telephones, cellular phones, wireless loca! area 
networks, and satellite uplinks and downlinks.and in military 
applications such as doppler radars and signal interceptors. 
Depending upon the system in which they are used, low 
noise amplifiers can adopt many design topologies and 
structures—those used in military applications tend to be 
discrete, large in size, and consume high power, whereas 
those in commercial applications aim toward high integra- 
tion and low voltage and bias currents. The LMX2215 and 
LMX2216B, for example, can be classified into the latter 
catergory. LNAs are usually placed at the front-end of a 
receiver system, immediately following the antenna. A band 
pass filter may be required in front of it if there are many 
adjacent interfering bands leaking through the antenna, but 
this filter generally degrades the noise performance of the 
system. The purpose of an LNA is to boost the desired sig- 
nal power while adding as little noise and distortion as pos- 
sible so that retrieval of this signal is possible in the later 
stages in the system. With this in mind, low noise amplifier 
designers have developed many design concepts and theo- 
ries applied to low noise amplifiers and important figures of 
merit used to characterize and compare their performance. 
These concepts and figures of merit are discussed in the 
following sections. 


MIXER 


Mixers are found in virtually all wireless communication sys- 
tems. They are frequency translating devices that convert 
input signals from one frequency to another by mixing these 
signals with another signal of known frequency. One reason 
frequency translation is a necessary process in wireless 
transmission is that information signals such as human 
speech or digital data are usually low frequency signals and 
are not suitable for a wireless channel. Another is that wire- 
less channels are common channels that are shared by 
many signals and these signals must be separated into dif- 
ferent frequency bins so that electronic circuits (which con- 
tain frequency selective components) can keep them from 
destructively interfering with each other. Among many other 
properties, frequency is one that is most easily exploited in 
signal identification. 

Mixers can be Classified into two broad categories: passive 
or active. The most commonly available and used are pas- 
sive diode mixers since they are easier to design and more 
thoroughly understood. Active mixers, on the other hand, 


National Semiconductor 
Application Note 884 
A. Dao 


involve transistors and the most popular ones are built from 
the basic Gilbert cell structure. Some higher frequency ac- 
tive mixers exploit the nonlinear characteristics of high gain 
transistors and can perform the mixing action using only one 
transistor. Among these types, the Gilbert cell structure has 
the most desirable characteristics in terms of isolation and 
harmonic suppression due to its balanced structure. The 
LMX2215, LMX2216B, and LMX2213B use the Gilbert cell 
(the LMX2216B is the 3V equivalent of the LMX2215, and 
the LMX2213B is the LMX2216B without the LNA). 


Most down converting mixers are three-port devices, as 
shown in Figure 7. They take two input signals: the RF and 
the LO (local oscillator) signals. The output is a mixing prod- 
uct of these two inputs and is an intermediate frequency (IF) 
signal. There are self-oscillating mixers which provide their 
own LO signal by having an internal resonating element 
coupled with the RF input. The LMX2215 and LMX2216B 
require external LO drives. 





LO 
; re TL/W/11808~1 
FIGURE 1. Three-Port Mixer 


Mixers perform the mixing operation by multiplying the two 
input signals. The output, IF, is the product of the two sig- 
nals RF and LO, and it contains the sum and difference of 
the two input frequencies. In receivers, the lower frequency 
component is usually the desired one and can be obtained 
by lowpass filtering the mixer output signal. Derivations of 
the mixer effect are shown below in the section on nonlin: 
earities (OIP3). 


CONCEPTS 


Noise 


Noise in electrical systems is defined as random fluctua- 
tions in voltage and current. It can be generated internally 
by components employed in the system or externally by 
electrical radiation from other systems or induced mechani- 
cal vibrations. RF and microwave oscillators, for example, 
are very susceptible to external radiation if they are. not 
properly shielded. They are also susceptible to mechanical 
vibrations, a phenomenon called microphonics, if they are 
not sufficiently isolated from physical contact with nearby 
objects. Integrated low noise amplifiers are, on the other 
hand, most vulnerable to noise that is generated by their 
own transistors and resistors. Transistors exhibit flicker 
noise, which is caused by a change in conductance caused 
by a relatively slow process (e.g. the exchange of charge 
with surface traps or metallic impurities through tunneling), 
and shot noise, which is due to random one-way crossings 
of some barrier by discrete quantities of charge. For amplifi- 
ers at radio and microwave frequencies, flicker noise is neg- 
ligible since it’s power spectrum has a 1/f property. The 
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power spectral density of flicker noise is described by equa- 
tion (1) below: 
ja 
. Gi(f) = Cy fo (1) 
where a ~ 1 to 2, b ~ 1, and Cj is a device dependent 
constant. Shot noise power, however, depends on the net 
total current crossing the pn junctions, and its power spec- 
tra! density is given by 
Gi(f) = al (2) 
where q is the electronic charge and | is the total current. 
Resistors exhibit thermal noise, which is generated by the 
random movement of electrons inside the resistive material 
at a non zero absolute temperature. The thermal noise pow- 
er (per unit of frequency) of resistors, thus, depends on tem- 
perature and the resistance value of the resistors. However, 
the available thermal noise power depends solely on tem- 
perature. Equation (3) gives the power spectral density of 
thermal noise 


Gy(f) = KTR (3) 
where K is the Boltzmann’s constant, T is the absolute tem- 
perature in Kelvins, and R is the resistance. 


The combined effect from the noise sources mentioned 
above and all other possible noise sources is often treated 
as though it were caused by only thermal noise. Moreover, 
LNAs are sometimes specified, not by their noise figure, but 
by their noise temperature, the temperature at which a resis- 
tor would generate the equivalent noise power. 


Nolse Figure (NF) 


Noise figure is noise factor in decibel units (dB) and is an 
important figure of merit used to characterize the perform- 
ance of not only a single component but also the entire 
system. It is one of the factors which determine the system 
sensitivity. Noise factor is defined as the input signal to 
noise ratio divided by the output signal to noise ratio. For an 
amplifier, it can also be interpreted as the amount of noise 
introduced by the amplifier seen at the output besides that 
which is caused by the noise of the input signal. Mathemati- 
cally, 


_ S/N; . 
So/No 


S)/Nj 


Ga Si/(Na + Ga Nj) 
NF = 10 log (F) 

where Sj, and Nj, represent the signal and noise power lev- 
els available at the input to the amplifier, Sg and No the 
signal and noise power levels available at the output, Gg the 
available gain, and Ng the noise added by the amplifier. For 
a mixer which is used in applications where the desired sig- 
nal power is contained in only one sideband, Nj is interpret- 
ed as the input noise contained in only one sideband. 
Therefore, in specifying noise figure for mixers, the term sin- 
gle-sideband or double-sideband must be noted to indicate 
how Nj; was measured. In most communication receivers, 
single-sideband noise figure is the ‘‘true” noise figure and is 
3 dB higher than double-sideband noise figure. 


Design for Optimum Noise Performance 


Based on the above equations, noise models for transistors 
can be developed. Furthermore, analysis of these models 
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shows that for an amplifier using bipolar transistors, the only 
noise determining factor is the input match (which can also 
be translated into a bias current dependence). If resistors 
are also employed in the matching networks, then these will 
affect the noise performance as well. For each transistor 
operating at a particular frequency and bias current, there 
exists an optimum input match Fopt = Ropt + iXopt (6), 
which will yield an optimum noise figure Fopt This input 
match can be obtained by measurements using a noise fig- 
ure meter and a vector network analyzer. A matching net- 
work designed to present this optimum impedance at the 
input of the transistor yields the optimum noise perform- 
ance. The noise figure of the resulting amplifier can be cal- 
culated using the following formula, 
4R IT's —To tl2 

‘ Fopt i Zo 1 + Poptl2 (1 —- ITsl2) 
noise resistance 


(7) 


where R, = 


= system impedance 


input reflection coefficient seen by the device 
(see Figure 7). 





TL/W/11808-2 
FIGURE 2. Typical LNA Topology 


Note that if the input match is perfect, the noise figure is 
Fopt- This value is usually not achievable in practice and 
tradeoffs between noise performance, match to available 
filters, gain, and stability is often required. 


Noise Figure Measurements 


Noise figure can be measured using a noise figure meter, 
which consists of a noise source and an RF receiver. The 
noise source is placed at the input of the device under.test 
(DUT), and the output of the DUT is connected to the re- 
ceiver (see Figure 3). There are several methods which 
noise figure receivers use to calculate noise figure, one of 
which involves computing the Y factor. With this method, 
the noise source (an avalanche diode) is cycled between 
two effective noise temperatures: Tp and T,, shown in Fig- 
ure 4. Tp, corresponds to the hot temperature, when the 
diode is bias with a DC current, and T, corresponds to the 
cold temperature, when the diode is off. The receiver de- 
tects the noise power at the output of the DUT under these 
two temperatures and computes the straight-line noise 
characteristics, from which the noise added, Na, can be de- 
termined. Along with Na, the noise figure meter also mea- 
sures the available gain of the DUT to compute the noise 
figure using equations (4) and (5). Figures 3 and 4 below 
illustrate the measurement setup and the straight-line noise 
characteristic. 
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NOISE SOURCE 
Zenles 


‘RECEIVER 
Pour: 


TL/W/11608-3 
FIGURE 3. Noise Figure Measurement Setup 


_ POWER 


TEMP 
Ty 
; TL/W/11808-4 
FIGURE 4. Noise Power vs Noise Source Temperature 


GAIN (G) 
At radio and microwave. frequencies, efficiency in transmis- 
sion of signal power is of great importance. For this reason, 
RF and microwave circuits are optimized for power gain in- 
stead of voltage or current gain as commonly found in most 
low frequency circuits. The unit of power used to specify 
absolute power level is the dBm, or decibels referenced to 1 
mW. Power levels in dBm can be computed from the equa- 
tion 
P(mW) 
mm) 
In cases where the load impedance is known or assumed, 
equivalent voltage levels can be used to specify power lev- 
els indirectly. In these cases, the unit dBy.V is often used. A 
similar equation converts pV units to dByV units. 


V(nV) 
ven) 


The importance of power transfer is one of the reasons for 
which power gain, and not voltage or current gain, is often 
used to specify RF and microwave devices. Many different 
types of power. gain are used in RF engineering. The type 
used here is called transducer gain, which is defined as the 
ratio of the power delivered to the load to the available pow- 
er from the source, 


P(dBm) = 10 log (oe 


V(dBuV) = 20 log ( 


= Pout Va/PL _ Rg Vout 
Pin Vin/4Rs ‘ RL Vin 
where Vel is the voltage across the load R_, and Vip is the 
generator voltage with internal resistance Rg. In terms of 
seattering parameters, transducer gain is defined as 


G = 20 log (Sail) (11) 


where So, is the forward transmission parameter, which can 
be measured using a network analyzer. 


(10) 
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1 dB COMPRESSION POINT (Pigs) . 
A measure of amplitude linearity, 1 dB compression point is 
the point at which the actual gain is 1 dB below the ideal 
linear gain. For a memoryless two-port network with weak 
nonlinearity, the output can be represented by a power se- 
ries of the input as 

Vo = ky vi + kov? + kgv? + on. 
For a sinusoidal input, 

vj = Acos wt 


(12) 


(13) 
the output is 


1 3 
Vo = 5 ka A? + (kr + 239) cos w;t 


(14) 
1 
+ > ko A2 cos 2w yt + 7's A3 cos 3a t 


assuming that all of the fourth and higher order terms are 
negligible. For an amplifier, the fundamental commoner is 
the desired output, and it can be rewritten as 

k,A [ + = ka/k) ne (15) 
This fundamental component is larger than k; A (the ideally 
linear gain) if kg > O and smaller if kg < 0. For most practi- 
cal devices, kz < 0, and the gain compresses as the ampli- 
tude A of the input signal gets larger. The 1 dB compression 
point can be expressed in terms of either the input power or 
the output power. Measurement of Pigg can be made by 
increasing the input power while observing the output power 
until the gain is compressed by 1 dB. 


Pigg is an important characteristic of a device since it indi- 
cates the upper limit of the power level of the input signal 
without saturating the device and generating nonlinear ef- 
fects. = 


THIRD ORDER INTERCEPT (OIP3) ~ 


Third order intercept is another figure of merit used to char- 
acterize the linearity of a two-port. It is defined as the point 
at which the third order intermodulation product equals the 
ideal linear, uncompressed, output. Unlike the Pygp, OIP3 
involves two input signals. However, it can be shown mathe- 
matically (similar derivation as above) that the two are 
closely related and OIPg ~ Pigg + 10 dB. Theses two 
figures of merit are illustrated in Figure 5 below. 


Pout 


3RD INTERMOD Pe IDEAL OUTPUT 


ACTUAL OUTPUT 





PIN 
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FIGURE 5. Typical Poui= Pin Characteristics 





Third order intermodulation products are important since 


their frequencies are located close to the wanted signal fre- - 


quency, making them more difficult to be rejected by practi- 
cal filters, If the two-port network is an LNA used in a receiv- 
er, intermodulation products at the output of the LNA can 
mask out signals from adjacent channels. For example, the 
third order intermodulation products resulted from 2 chan- 
nels at 1 MHz apart, f1 = 408 MHz and f2 = 409 MHz, will 
be at 407 MHz and 410 MHz, a 1 MHz offset from f1 and f2. 
Similarly, two channels f4 = 411 MHz and f5 = 412 MHz 
will produce intermodulation products at 410 MHz and 
413 MHz..If f8 = 410 MHz is the desired signal, it will be 
interfered with by the intermodulation products created by 
its adjacent channels f1, f2, £4, and f5. 
To see how third order intermodulation products come 
about, assume that the input to a two-port with the same 
output-input relationship as stated in the above section con- 
sists of a sum of two sinusoids: 

vi = A (cos w4f + cos wot) 
Then, the output voltage is 

Vo = ky A (Cos wt + COS wot) 

+ kp A2 (cos wit + COs wot)? 

+ kg A3 (cos wit + cos wot)? +... 
Expanding these square and cube terms and ignoring the 
higher order terms, the output voltage is seen to contain not 
only harmonics of each of the two individual input frequen- 
cies but also the intermodulation terms: 


(16) 


(17) 


3 
ri kg A3 cos (2w2 + )t 


a | 
oe kg A3 cos (204 two)t 


The amplitude of these terms are proportional to the cube of 


the amplitude of the input signals; therefore, these terms 
increase three times faster than the fundamental term as 
the input signals increase, as can be seen in Figure 5. 


MATCHING 


Matching and microwave circuit design are to some design--. 


ers synonymous. It is the act of making the source and load 
impedances matched to achieve the desired amount of 
power reflected and power transferred. Matching is required 
if the circuit is to yield optimum gain and return loss. Poorly 
matched devices can cause large amount of reflected pow- 
er, poor noise performance, and low gain. For an LNA, pow- 
er reflected caused by improper input match can travel back 
to the antenna and be re-radiated. Poor input match can 
also reduce the gain of the LNA and causes the system to 
have non-optimum noise performance, | 


Amplifiers can achieve maximum gain and return loss when 
they are presented with conjugate impedances at the input 
and output ports. There are two types of matching networks: 
resistive and reactive. Resistive matching networks rely on 
resistive elements for matching, usually have wider band- 
widths, and consume more power than their reactive coun- 
terparts, which use lossless elements (capacitors and in- 
ductors). Simple matching networks can be designed with 
the help of the Smith chart, but more complicated ones of- 
ten require the use of a computer and some type of network 
synthesis software. 
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Standard input and output impedances of most microwave 
instruments are 502M. Therefore, microwave and RF devices 
are designed to have 502 input and output impedances so 
that they can be easily characterized. In a communication 
system, however, not every component can be designed or 
optimized for 509 impedances due to other constraints. 
While most RF ceramic or helical filters have 509 imped- 
ances, most available SAW filters used.to filter intermediate 
frequencies, for example, exhibit 200 impedances, IF ce- 
ramic filters usually have impedances of 3300, and crystal 
filters have 1 kN impedances. So, devices that are designed 
to be used with these components may have input or output 
impedances that are different from 50 and need matching 
networks to perform the necessary impedance transforma- 
tion for proper characterization. In this case, simple narrow 
band LC matching networks can be designed to operate at 


the frequency of interest. Narrow band matches are also 


useful to reduce NF in some devices and to trade current for 
voltage in low headroom power amplifiers (such as 3V de- 
vices). Shown below is an example of a 50M to 20002 
matching network 


L 


Zj, = 500 ars aa % = 2000 
qe. 
TL/W/11808-6 


FIGURE 6. 502-2002 Matching Network 


The actual values of inductance and capacitance for the 
above network depend on the frequency of operation, f, and 
can be obtained using the following equations 


cL 0.75 

C = 10000, LC : Onh2 

In general, for a step-up transformer where Zin < Z and 
both are real impedances, the following equations apply: 

L 1 — Zin/Z 


—=ZinZj, LO= 
Cos C= ene 


MIXER CONVERSION GAIN 

Conversion gain of mixers is defined as the delivered IF 
power divided by the available input RF power. The term 
conversion is used to refer to the frequency converting ac- 


(19) 


tion of the mixer. Conversion gain can be measured using’ 


similar method and equipment setup as those used to mea- 
sure amplifier gain. More details on conversion gain mea- 
surement are deferred to a later application note. 


MIXER ISOLATION 


Isolation is a measure of how much power is coupled from 
one port to the next. The two most useful isolation measure- 
ments are LO-to-IF isolation and LO-to-RF isolation. The 
former indicates how much LO power leaks through the out- 
put-IF port, and the latter indicates how much LO power 
leaks through the input RF port. LO appearing at the output 
IF port can be attenuated easily by a lowpass filter since the 
two frequencies are far apart, but it is more difficult to sup- 
press at the RF port. LO leakage through the RF port usual- 
ly results in a re-radiation through the antenna if the mixer is 
used as the first downconverter in a wireless receiver. 





(18) 
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MIXER NOISE FIGURE (DSB vs SSB) 


Mixer noise figures can be measured and specified in two 
ways: double side band or single’ side band. Double side 
band noise figure measurements involve measuring the 
noise power contained in both the IF and image compo- 
nents, whereas single side band measurements demand 
that the image component be filtered out, and only the noise 
power in the IF component is measured. The DSB method 
assumes that the gain of the DUT is the same at both image 


and intermediate frequencies, so it is not recommended for 


a narrowband DUT or a high intermediate frequency. The 
SSB method does not require this assumption but does re- 
quire an éxternal image frequency filter at the input of the 
DUT. SSB noise figure is used in most applications where 
the desired information is contained only in the intermediate 
frequency and the image frequency is rejected. If the DSB 
measurement method is employed, 3 dB must be added to 
the measured noise figure to arrive at the SSB noise rue 
number. ‘ 


MEASUREMENT TECHNIQUES | 


Gain, Return Loss, and Pigg 

Gain, return loss, and Pigg of the LNA can be measured 
using a standard scalar S parameter test set which includes 
a signal generator (e.g., HP8350), a scalar network analyzer 
(e.g., HP8757) with detector and directional bridge, a two- 
way splitter, and a variable attenuator. Fi gue 7 shows the 


PLOTTER 


setup. 


SCALAR NA 
RAB 





HP8350 
SIG GEN 


FIGURE 7. Gain, RL, Piss Measurement Setup | 


BRIOGE 
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After the signal generator is set to sweep over the desired 
frequency range and the variable attenuator at the desired 
value, the system can be calibrated using ‘standard short 
and open terminations. Once calibrated, gain measurement 
can be obtained. by setting the scalar analyzer to display the 
corrected (memory subtracted) channel B power divided by 
channel R power. This method allows the calculation to re- 
main valid as the signal generator output power is changed. 
The variable attenuator value must be set such that the in- 


put power into the DUT is far (at least 10 dB) below the 


expected 1 dB compression point so that the DUT is operat- 
ing in its linear region. To measure input return loss, the 
analyzer should display the corrected channel A divided by 


channel R power. Most analyzers allow:dual channel dis-. 


plays, in which case, gain and return loss can be obtained in 
one plot. Pygg can be obtained by gradually decreasing the 
attenuator value until the observed gain is 1.dB below the 
linear gain. . 


SPLITTER i DIR 2 i DUT Teal 
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Intercept Point (OIP3) 


Output third order intercept point measurement requires two 
signal generators, a combiner, and a spectrum analyzer. 
The input of the DUT is a sum of two continuous wave RF - 
signals at Af apart, combined by the combiner, and the out- 
put is displayed on the spectrum analyzer. The power level — 
of the two input signals are such that the DUT is operating in’ 
the linear range, and Af is about a few hundred kHz or a few 
MHz. The intercept point is obtained by dividing the mea-: 
sured power level difference between the fundamental and 
the third order mixing product components (denoted by D in’ 
Figure’8) by 2 and adding the result to the power level of 
the fundamental component (Po). The frequency’ spectrum’ 
observed on the spectrum analyzer may look similar to that 
illustrated by the Figure below. 


- FREQ 


TL/W/11808-8 
FIGURE 8. Third Order intermodulation 


As shown above, the output third order intercept point is 
given by the following equation: = 

a ips 

OIP3 = Po + rE (20) 

This equation is a direct result of the fact the third order 


Products grow three times faster than the fundamental term, 
as mentioned earlier, 


CONCLUSION 


Basic theory and operation of low noise amplifiers and mix- 
ers have been presented, together with the most important 
figures of merit and measurement methods. Also discussed 
were fundamental concepts on noise in electrical systems, 

particularly how it is generated and mecaured as apples to 
low noise amplifiers. «. ; . 
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A) vationat Semiconductor 


LMX2411 


- PRELIMINARY 


Baseband Processor for Radio Communications 


General Description 


The LMX2411 is a monolithic, integrated baseband proces- 
sor suitable for use in Digital European Cordless Telecom- 
munications (DECT) systems as well as other mobile teleph- 
ony and wireless communications applications. It is fabricat- 
ed using National’s ABiC IV BiCMOS process (ff = 
15 GHz). 


The LMX2411 contains both transmit and receive functions. 
The transmitter utilizes a low power, high speed digital-to- 
analog converter (DAC) and a mask programmable Read 
Only Memory (ROM) to generate a Gaussian filter pulse 
shape. The receiver includes a high speed, low power volt- 
age comparator for making hard decisions on incoming data 
and a CMOS switch coupled with a sample and hold circuit 
for DC compensation. Supply voltage can range from 2.85V 
to 3.6V. The LMX2411 features very low current consump- 
tion of 2.5 mA transmit and 5 mA receive (steady state). It 
also has separate power down pins for transmit and receive 
functions to further reduce power consumption. 

The LMX2411 can be used with the LMX2216B LNA/Mixer, 
the LMX2240 IF Receiver, and the LMX2320 Phase-Locked 
Loop to form a complete RF front end solution. These chips 
form the major blocks of an RF front end solution for DECT. 
The LMX2411 is available in a 16-pin JEDEC surface mount 
plastic package. 


- @ Supports 10.368, 


Features 

m High speed voltage comparator (40 ns settling time) 

m@ Generates Gaussian filtered modulating signal for a di- 
rect VCO modulator 

m Bit rates to 1.152 Mb/s (DECT) 

13.824, and 18.432 MHz system 
clocks through pin selection 

m On-chip DC compensation circuit 

m@ Average current consumption 0.6 mA for DECT Rendset 
(burst mode operation) 

& Power down mode for extended battery life 

= Compatible with Sierra SC14400 and Philips PCD5040 
DECT Burst Mode Controllers 


Applications 

a Digital European Cordless Telecommunications (DECT) 
m@ Portable wireless communications (PCS/PCN, cordiers) 
a Wireless local area networks (WLANs) 

m Other wireless communications systems 


This data sheet contains the design specifications for product development. 
Specifications may change in any manner without notice. 


Functional Block Diagram 
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LMX2411 Connection Diagram 


Pin Description 


Pin No. 
1 
2 


Comp In 
Thresh 


DAC Out 


pano | 
| Voo | 
| TPO | 


Sys Clk Ba 


coma 
ee 


| Gompout | o_| 
| ROM Sela | 1 
| ROMSett | I 


Smail Outline Package—{SOP) 


116] ROM Sel1 
115] ROM Sel2 


14] Comp Out 
LMX2411 
Top View 


Sys Clk 
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Top View ; 


Order Number LMX2411M 
See NS Package Number M16A 


Description 
Positive input to the threshold comparator 


Negative input to the threshold comparator. This pin should be connected to a DC voltage only 
if the internal DC compensation circuit is not used. When the DC compensation loop is used, 
this pin should have a capacitor to ground on it. 


Supply voltage 
Ground 
Ground 


Output of the Gaussian filter for modulating a VCO 


Ground 
Supply voltage 
Transmitter power down. DAC is set to 128 (HEX 80) (Mid-range) when this is HIGH. 


Oversampling input clock from the system (9x, 12x, or 16x the bit rate). If 12x or 16x is used, the 
effective sampling rate for the ROM filter is 6x or 8x, respectively. 


Transmit data input 


DC compensation circuit enable. While LOW, the DC compensation circuit is enabled, and the 
threshold is updated through the DC compensation loop. While HIGH, the switch is opened, and 
the comparator threshold is held by the external capacitor. 


Receiver power down pin; should be grounded if power down is not used. 
Comparator output 
ROM selection pin 2. Selects the oversampling clock to be used for the ROM filter. 


ROM selection pin 1. Selects the oversampling clock to be used for the ROM filter. 


Gaussian ROM Selection Table 


10.368 MHz System Clk ROM is selected 
13.824 MHz System Clk ROM is selected 
18.432 MHz System Clk ROM is selected 
Reserved 





Absolute Maximum Ratings Recommended Operating 


If Milltary/Aerospace specified devices are required, Conditions 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. Supply Range (Vcc) BS BSVIOG.GV 
Operating Temperature (Ta) —10°C to + 70°C 


Power Supply Voltage (Vcc). 6.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 


Lead Temperature (T)) 
(Soldering, 10 Seconds) + 260°C 


LLPOXINI 


DC Electrical Characteristics 


The following specifications are guaranteed over the recommended operating conditions. 


symbol | __—Parameter__——|__—Conaitions | Min. | typ | Max _ 
DIGITAL INTERFACE SECTION (Note 1) 

| HighLevelOutputVotage | lon=-10mA | Voo-o4 | | 

| LowLevelOutputVottage | lou=10ma | || 

| HighLevelinputvotage | | Moo 08 || 

| towLevelinputvottage | | | 

| inputGurent_ | GND<V<Voo | -t0 | | 


Note 1: DC Electrical Characteristics for the digital section apply to all digital input and output pins. This includes Tx Data, Tx PD, Rx PD, Comp Out, ROM Sel1, 
ROM Sel2, and S-Field. 


Electrical Characteristics the following specifications are guaranteed over recommended operating condi 
tions, and oscillator (Sys Clk) frequency of 10.368 MHz unless otherwise specified. 


| Parameter |= Condition | Min | typ | Max | 
Rx Mode Current Consumption (Note 1) Tx Mode Off a es ae 
Tx Mode Current Consumption (Note 2) Rx Mode Off | dt gs {5 | 


Standby Current (Power Down) Tx and Rx Mode Off | | 50 | too | 


Oscillator Sensitivity Sys Clk Input 
Maximum Oscillator Frequency 40% < Duty Cycle < 60% 


Oscillator Input Current GND < Vin < Voc 


DAC Voltage Settling Time to within CLoap = 3 pF 
2 LSB All0’s to all 1’s 


F ouputinpedanceng) TCS 
479 
i ae 
Accuracy (Note 4) 
ISI from Gaussian Filter (Note 5) Bp T = 0.5 Filter 
DC COMPENSATION SAMPLE AND HOLD CIRCUIT 


Input Offset Voltage Pe el 
Input/Output Voltage Swing Centered at 1.5V 
Sample and Hold Resistor eee ee Cll 
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Electrical Characteristics the following specifications are guaranteed over recommended ces condi 
tions, and oscillator (Sys Clk) frequency of 10.368 MHz unless otherwise specified. (Continued) - ds " 


COMPARATOR 


Settling Time 100 mV step with 5 mV 
Overdrive; 20 ee load oy 


Input |_InputVottage Range Range | Centeredat1.5v at 1.5V 


aneiateiesGnad Ie ee 
rea onetags Rt | 


Note 1: Average current consumption for an 8% power up duty cycle is 8% X 6 mA = 0.48 mA; average current consumption for a 40% power up duty cycle is 
40% X6MA=2.4mA. ~ : . “ae ; 


Note 2: Average current consumption for a 5% power up duty cycle is 5% X 3. 5 mA = 0.175 mA. 
Note 3: Output range = 0 to (Vp_er * 0.8). Ver is an internal bandgap reference which produces a voltage of nominally 1.25V +50 mV. : 
Note 4: Pulse response accuracy is measured as a percentage of the measured output pulse response vs. the calculated ideal Gaussian pulse response. 


Note 5: ISI is Inter-symbol Interference, and is defined as the smallest peak-to-peak voltage obtained by an akematiog bit t pattern divided by the largest peak-to- 
peak voltage obtained by alternating four 1’s and four 0’s. 





Typical Performance Characteristics | | 


Sample and Hold Droop vs Time Comparator Output vs Time | 


- T= +25°C 
Cload = 20 pF . 
ae ae = 1. 5V 


Droop (mV) 


*, 


60 80 . 100 


TL/W/11911-3 Time (ns) 
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Gaussian Bp T = 0.5 Output Eye Diagram 


Sys Clk cycles (9x clock) 
; TL/W/11911-5 





Typical Performance Characteristics (Continued) 


DAC Output at Start of Transmit Burst vs Time 


ea 
a ES ae ae ee 
PRR ARTARCARSS 
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DC Comp. Circuit Response vs Time 
(from Full Discharge of Hold Capacitor) 
, (See Application Circuit) 
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Typical Application Block Diagram 


LMX2216B LMX2240 


Microprocessor 
Burst Control 


Voice Codec 
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Functional Description 
OVERVIEW 


The LMX2411 is a 8V integrated circuit designed tobe ca- * 


pable of regenerating received GMSK data.and generating 
GMSK transmitter drive signals to meet the specifications of 
the Digital European Cordless Telecommunications (DECT) 
standard. 

The transmit portion of the LMX2411 functions as a pulse 
shaper for incoming serial data, delivering a filtered data 
stream capable of modulating a VCO. The ROM and sup- 


porting logic is designed to create Gaussian filter pulse re- — 


sponses. The output of the LPF ROM and DAC is the modu- 
lating baseband drive signal-that is fed to a VCO. 
The receiver section of the LMX2411 processes the filtered 
data stream produced by a -demodulator (e.g.,° the 
LMX2240). The data stream is compared against a thresh- 
old voltage determined by the DC’compensation circuit. This 
DC compensation circuit allows control over DC drift due to 
temperature, frequency drift, component tolerance, and 
aging. ; 
THE TRANSMIT ROM FILTER 

The LMX2411 uses a mask-programmable Read-Only 


Memory (ROM) look-up table to construct pulse responses — 7 
of a Gaussian filter shape. For DECT, this filter is half the’ 


bandwidth of the bit rate (Bh T = 0.5). The output of the 
ROM addresses a (voltage mode output) digital-to-analog 


converter (DAC). The LMX2411 ROM Filter supports three - 
different system clocks selected by two. external pins.. 


clock from which to operate. However, when the 9x over- 


‘sampling clock (10.368 MHz) is chosen, the divide by 2 cir- 


cuit is not enabled. The’Tx Data is synchronized with the 
Sys Clk in the following manner: When Tx PD is taken LOW, 
the first edge (rising or falling) of Tx Data initializes an inter- 
nal counter, so that the data bits are sampled near their 
center. The power up state of the three bit memory in the 
ROM filter depends on the state of Tx Data during power 
down. If Tx Data is LOW when the Tx PD pin is HIGH, the 
ROM filter register will be set to.010. If Tx Data is HIGH 
when the Tx PD pin is HIGH, the ROM filter register will be 
set to 101. This allows the filter to be set for either base 
station or handset operation. 


THE COMPARATOR AND ANALOG DC COMPENSATION 
CIRCUIT 


. The high speed comparator's threshold can be set either by 


These pins (ROM Sel1 and ROM Sel2) choose the proper . - 
oversampling clock. When the 12x or 16x clock is chosen, a : 
divide by 2 flip flop is enabled to give the ROM a 6x or 8x .” 
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an external voltage or by using the internal DC compensa- 
tion circuit. When using the internal DC compensation loop, 
the received, demodulated signal is input both to the com- 
parator ‘‘+” input and to the sample-and-hold (S&H) buffer 
amplifier. The S&H buffer allows a single RC filter to aver- 
age the DC value of the received signal without distorting it. 


This DC value is connected to the ‘‘—” input of the compar- 
ator. When the signal S-Field is used (named after the syn- 
_chronization field in DECT), this circuit can acquire the DC 
‘voltage during the preamble and then hold it (with the exter- 


nal capacitor) for the duration of the burst. This solution 


- avoids the problem of long strings of 1’s and 0’s that con- 


ventional continuous averaging circuits have while still re- 
acting quickly to. acquire the proper DC average at the be- 


ginning of a burst. 





Typical Application Examples 


LMX2411 


PD4-RCV 
PD5-DCEnZ Sierra 
5C14400° 


LMX2320 
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From RF LMX2411 


Voc R DATA 


R ENABLEN Philips 
SLICE CTR PcDS040/ 
T DATA 5044 


Chold 
‘ C1 
To Power Amp ‘7: 


XTAL2 
T ENABLEN 


R2° 7 . 


LMX2320 vd 


‘Ri Yor 
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(b) 
ci =1 pF +10% Tantalum (polarized) 2 = 0.01 pF +10% NPO Ceramic. 
C3 = 0.01 pF +10% NPO Ceramic CHoLp = 2700 pF +10% NPO Ceramic 
Ri and R2 are 5% YW Thin Film Carbon (values calculated from equation (1)) 
LPF = 1 MHz low pass filter (Toko H354LAI-2484DDD) 
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Application Information 


THE TRANSMIT DAC 


The transmit DAC uses a voltage mode output. By nature, 
the output impedance of voltage mode DACs is relatively 
high. To conserve current, the output impedance of the 
LMX2411 was designed at 3 kf. This results in very low 
current consumption in the resistor strings, but also results 
in low drive capability. The user should be aware that in 
order to achieve the minimum settling time, the maximum 
capacitive load for the DACs should be no more than 3 pF. 
To achieve a settling time suitable for DECT bit rates, the 
maximum capacitive load the transmit DAC should see is 
about 15 pF. 


VCO modulation of a TDD and/or TDMA radio requires’ 


some compromise to the VCO phase-locked loop circuitry. 
A common practice is to use a very narrow PLL loop band- 
width to avoid distorting the modulating signal. However, 
this is not an effective technique when fast switching is re- 
quired. Rapid switching times demand a wide loop band- 
width. A typical loop bandwidth of 20 kHz will distort the 
lower frequency components of the DECT modulating sig- 
nal. 


LMX2411 DAC out 


LMC6583CIM 
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FIGURE 1. Illustration of a Circuit That Could 
Be Used to Modulate an Open Loop VCO. 


An alternate modulation technique is to open the loop by 
powering down the PLL, which in the LMX2320 results in a 
TRI-STATE® at the charge pump output. For short bursts, 
the loop filter will not lose the charge, and the center fre- 
quency will not drift. Figure 7 shows a sample circuit for 
modulating on an open loop. Note that the VCO requires 
only one tuning port for both locking and modulation. R1 
and R2 will vary depending on which wideband VCO is 


_ used. The proper equation to be used in determining R1 and 


R2 is below: 


ie ee a 
Al + Re Ky = 576 kHz (1) 
In this case, Ky is the VCO sensitivity, expressed in MHz/V, 
and Vpac is nominally 1V. Generally, R1 will be on the order 
of 50 kf. to 250 kQ, and the ratio of R1 to R2 will vary from 
30:1 to 50:1 for wideband VCOs, and will be smaller for 
narrowband VCOs. Also, the 576 kHz is the peak to peak 
frequency deviation for DECT, which means the peak is half 
of that, or 288 kHz. 

The Gaussian filter ROM DAC uses a three bit memory to 
represent the filter’s pulse response. The result is an effec- 
tive 3 bit time delay from input of the first bit to when that bit 


Vpac * 


is actually output from the filter. When using the LMX2411 
transmit section, the bits must be sent two bit times before 
they must be seen at the antenna to account for this smail 
delay in the ROM DAC. There is also a half bit sample delay 
to allow the 2411 to sample the data near the center of the 
bit. Also, the end of the information data stream must be 
padded by 3 bits to push the last data bit through the filter. 
Finally, it should be noted that after the Tx PD pin goes low, 
the ROM filter output will be at the mid-band voltage until 
the first edge of Tx Data, which is used for synchronizing the 
internal clock with the transmitted data. 


The three bit address of the ROM filter is preset to an alter- 
nating pattern when Tx PD is HIGH. The value of the alter- 
nating pattern depends on the polarity of Tx Data when Tx 
PD is HIGH. If Tx Data is HIGH (handset), the three bit 
memory is set to 101, and if Tx Data is LOW (base station), 
the three bit memory is set to 010. This allows for either the 
base station or handset preamble. 


When beginning the burst for open loop modulation, the Tx 
Data line should be held constant at the polarity opposite to 
the first bit to be transmitted. For handsets, this means Tx 
Data should be HIGH; for base stations, this means Tx Data 
should be LOW. When Tx PD goes LOW, the output of the 
ROM filter will stay at mid-band (DAC code ‘‘10000000”) 
until the first edge on Tx Data. This allows the DAC average 
output voltage to be added to the PLL loop voltage while the 
center frequency is being acquired, thus avoiding a frequen- 


' cy offset problem. 


THE DC COMPENSATION LOOP 


The analog DC compensation loop is designed to provide a 
simple yet accurate way to track and correct the effects of 
DC drift due to center frequency drift. This loop will provide 
accurate representations of the center voltage of the re- 
ceived signal. However, on initial startup (i.e., full Hold ca- 
pacitor discharge), the average DC value will not be recov- 
ered until the end of the DECT synchronization word for the 
first burst. The second and subsequent bursts should have 
the DC value recovered within the first few bits of the syn- 
chronization field. This means that in normal situations, the 
receiver will miss the first burst due to lack of synchroniza- 
tion (i.e., too many errors in the CRC). 


It should be noted, however, that because the droop in the 
sample and hold circuit is small, a normal DECT conversa- 
tion can take place without degradation. The Typical Per- 
formance Characteristics plots should be consulted for ex- 
pected droop values and DC compensation loop perform- 
ance. 


Some burst mode controllers support a digital DC compen- 
sation method (i.e., Sierra SC14400). In this method, the 
duty cycle of the incoming signal is monitored by a counter, 
and an update value is sent to a DAC that sets the threshold 
value for the comparator. In this case, the LMX2411 should 
have the pin for S-Field pulled HIGH, and the output of the 
BMC’s DAC should be input directly to the comparator’s 
threshold input (pin 2). ; 
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The 8-Bit COP8™ Family: 
Optimized for Value 


Key Features 


© High-performance 8-bit microcontroller The COP8 combines a powerful single-byte, multiple-func- 
e Full 8-bit architecture and implementation tion instruction set with a memory-mapped core architec- 


1 ps instruction-cycle time ire: 


High code efficiency with single-byte, multiple-function Key Applications 


instructions : 
mw Automotive systems 


UART @ Process control 
A/D converter @ Robotics 


Brown Out Detect. m AC-motor control 
On-chip ROM from 768 bytes to 16k bytes m= DC-motor contro! 
On-chip RAM to 256 bytes mw Keyboard controllers 
EEPROM m Modems 
M2CMOS™ fabrication m RS232C controllers 
MICROWIRE/PLUST™ serial interface . Aneabaee co 
Wide operating voltage range: + 2.3V to +6V = a 
Military t lable: —55°C to + 125°C nipple sing 

ilitary temp range wee - . The COP8 family offers high performance in a low-cost, 
MIL-STD-883C versions available easy-to-design-in package. 
16- to 44-pin packages 


An Example of COP888 Block Diagram (COP888CF) 


uC 8 BIT CORE 
MODIFIED HARVARD 


1/0 PORTS 
ARCHITECTURE 


8 CHANNEL 
A/D 


eeewewwoecoeanewad 


ILLEGAL 
COND 
DETECT 
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COP8 Family 


Embedded Control: Practical Solutions to Real Problems 


Microcontrollers have played an important role in the semi- - 


conductor industry for quite some time. Unlike microproces- 
sors, which typically address a range of more compute in- 
tensive, general purpose applications, microcontrollers are 
based on a central processing unit, data memory and input/ 
output circuitry that are designed primarily for specific, sin- 
gle function applications. 


During the 1970s, microcontrollers were initially used in sim- 
ple applications such as calculators and digital watches. But 
the combination of decreasing costs and increasing integra- 
tion and performance has created many new application op- 
portunities over the years. Even as the bulk of application 
growth occurs in the 8-bit arena, the same issues that sys- 
tem designers were concerned with in the 4-bit world contin- 
ue in force today. These include cost/performance trade- 
offs, low power and low voltage capabilities, time to market, 
space/pin efficiency and ease of design. 


© Cost/Performance. A price difference of just a few pen- 
nies can be tne gating factor in today’s 8-bit design deci- 
sions. Manufacturers must offer a wide range of cost/ 
performance options in order to meet customer de- 
mands. 


Low Power and Low Voltage. The ineasing range of 
mobile and/or battery-powered applications is placing a 
premium on low-power, low-voltage, CMOS and BiCMOS 
embedded control solutions. 


Time to Market. All 8-bit microcontroller’s architecture, 
functionality and feature set have a major influence on 
product design cycles in today’s competitive market, with 
its shrinking windows of opportunity. 


Space/Pin Efficiency. Real estate and board configura- 
tion considerations demand maximum space and I/O pin 
efficiency, particularly given today’s high integration and 
small product form factors. 

Ease of Design. A familiar and easy to use application 
design environment—including complete development 
tool support—is one of the driving factors affecting to- 
day’s 8-bit microcontroller design decisions. 


All of these issues must be considered when searching for . 
the appropriate 8-bit microcontroller to meet specific appli- . 
cation needs. And that’s why. National Semiconductor's . 


COP8 family of 8-bit microcontrollers is enjoying widespread 
success in today’s global embedded control marketplace. 


One of the leaders in the design, manufacture and sale of 8- . 
bit microcontrollers is National Semiconductor. Long a . 


prominent player in the worldwide: microcontroller market, 


National and its COP8 family of products spans today’s : 


range of applications, providing customers with a wealth of 


options at every price/performance point in the 8-bit micro- ; 


controller market. 
National’s 8-bit COP8 microcontrollers enable the company 


to meet a wide range of embedded control application re- — - 


quirements. COP8 microcontrollers offer users cost-effec- 
tive solutions at virtually every price/performance point in 
today’s market for 8 bit applications. 


Designers can select from a variety of building blocks cen- 
tered around a common memory-mapped core and modi- 
fied Harvard architecture. These building blocks include 
ROM, RAM, user programmable memory, UART, compara- 
tor, A/D and I/O functions. 


The COP8 family incorporates 1 ps instruction cycle times, 
watchdog and clock monitors, multi-input wake up 


circuitry and National's MICROWIRE/PLUS™ interface. In 
addition, National’s COP8 microcontrollers are available in a 
wide variety of temperature range configurations from 
—55°C on up through + 125°C—optimizing them for rugged 
industrial and military applications. 


COP8 Benefits 


The COP8 family provides designers with a number of fea- 
tures that result in substantial benefits. These include a 
code-efficient instruction set, low power/voltage features, 
efficient 1/O, a flexible and configurable design methodolo- 
gy, robust design tools and electromagnetic interference 
(EMI) control. 


The COP8 family’s compact, efficient and easy-to- program 
instruction set enables designers to reduce time to market 
for their products. Thanks to the instruction set, efficient 
ROM utilization lowers costs while providing the opportunity 
to integrate additional functionality on-chip. Low voltage op- 
eration, low current drain, multi-input wakeup and several 
power saving modes reduce power consumption for today’s 
increasing range of handheld, battery-driven applications. 
And an array of user-friendly development tools—including 
hardware from MetaLink, and state of the industry assem- 
blers, C compilers, and a “fuzzy logic” design environment 
help design engineers save valuable development time. 


National’s Configurable Controller Methodology (CCM) for 
the COP8 family creates “whole products” that are bug- 
free, fully tested and characterized, and supported by a 
range of documentation and hardware/software tools. Na- 
tional developed CCM because the majority of customer re- 
quests for new products have typically called for reconfigu- 
rations of existing proven blocks—such as RAM, ROM, tim- 
ers, comparators, UARTs, and I/O. 


In addition, COP8 products incorporate circuitry that guards 
against electromagnetic interference—an increasing prob- 
lem in todays microcontroller board designs. Nationals pat- 
ented EMI reduction technology offers low EMI clock circuit- 
ry, EMl-optimized pinouts gradual turn-on outputs (GTO) an 
on-chip choke device and to help customers circumvent 
many of the. EMI issues influencing embedded control de- 
signs. 


A Growing Family: 


National’s wide-ranging COP8 family is well-positioned to 
meet the expanding variety of consumer 8- bit microcontrol- 
ler applications. Available in a wealth of different ROM (768 
bytes to 16k bytes) and RAM (64 x 8, 128 x 8, and 512 x 8) 
configurations, COP8 microcontrollers provide designers 
with cost-effective solutions at every price/performance 
point in todays market. And the recent introduction of the 
new COP912C—National’s first 8 bit microcontroller priced 
below 50¢ per unit when purchased in volume quantities— 
continues to drive pies Gown in the highly competitive 8-bit 


~ - market. 


A code-efficient instruction set: Low power operation. I/O 
pin efficiency. A “whole product” philosophy that includes 


- superior development tools, documentation and support. 


These are the reasons that National’s COP8 family is a key 
player in the worldwide 8-bit microcontroller market. As that 
market continues to expand. National continues its micro- 
controller technology research and development efforts— 
an ongoing commitment that began during the infancy of 
embedded control and continues in full force today. 





COPS Features/Benefits Analysis 


Instruction Set 


Low Power 


Efficient I/O 


Flexible/Powerful 
On-Board Features 


Safety/Software- 
Runaway Protection 


Development Tools 


Key Features 


© Efficient Instruction Set 
(77% Single Byte/Single Cycle) 
¢ Easy To Program 
© Compact Instruction Set 
© Multi Function Instructions 
¢ Ten Addressing Modes 


© Low Voltage Operation 

© Lower Current Drain 

© Multi-Input Wakeup 

© Power Savings Modes (HALT/IDLE) 


¢ Software Programmable I/O 

© Efficient Pin Utilization 

© Breadth of Available Packages 

¢ Package Types Including Variety of Low Pin Count 
Devices 

¢ High Current Outputs 

© Schmitt Trigger Inputs 


© Smart 16-Bit Timers (processor independent PWM) 
© Comparators 

¢ UART 

® Multi-Input Wakeup 

© Multi-Source Hardware Interrupts 

¢ MICROWIRE/PLUS Serial Interface 


© Application Specific Features 
(CAN, Motor Control Timers, etc.) 


® WATCHDOG 

© Software Interrupt 

® Clock Monitor 

© Brown Out Detection 


Hardware: 

© New, User Friendly, Development Tool Hardware 
from MetaLink 

® Low Cost Version of the Development Tool (Debug 
Module) 

© Various Third Party Programmers for Prograniming 
OTPs 

Software: 

© New, User Friendly Assembler, a C Compiler and a 
“Fuzzy” Logic Design Environment 





Benefits 


© Efficient ROM Utilization (compact code) 
e Low Cost Microcontroller (small ROM size) 
¢ Fast Time To Market 
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¢ Lower Power Consumption for Hand Held 
Battery Driven Applications 


© Multiple Use of I/O Pins 

¢ Economical Use of External eameenelts 
(lower system cost) 

¢ Cleaner Hardware Design 

© Choice of Optimum Package Type apnicee 
outline/ pinout) 


¢ Timers Allow Less Software/Process 
Overhead for Frequency 

© Measurement (capture) and PWM 

© Cleaner Hardware (eliminating the need for 
external components) 

© Overall Cost Reduction 


¢ No Need for External Protection Circuitry 
© Brown Out Detection Allows the Use of Low 
Cost Power Supply 


¢ Saves Engineering Development Time—Fast 
Time to Market 


COPS Features/Applications Matrix 


Applications ~~ Microcontroller : 
Applications Features/Functions Features Required 


Battery Driven — ; 

Replacing Discrete with Low Cost 

Driving Piezo/Speaker/LEDs 
Directly 

Very Cost Sensitive 


Market Segment 


Consumer Children Toys 


and Games 


Electronic 
Audio 
Items 


Electronic 
Appliances/ 
Tools 


Portable/ 
Handheld/ 
Battery 
Powered 


Personal Communications 


Basketball/Baseball Games - 
Children Electronic Toys 
Darts 

Throws 

Juke Box 

Pinball 

Laser Gun 


Audio Greeting Cards 
Electronic Musical Equipment 


Small Appliances: 
rons 

Coffee Makers 
Digital Scales 
Microwave Ovens 
Cookers 

Food Processors 
Blenders 


Household Appliances: 
Oven Control 
Dishwasher 

Washing Machine/Dryer 
Vacuum Cleaner 


Electronic Heater 

Electronic Home Control 
(Doorbell, Light Dimmer, 
Climate) 

Sewing Machine 


Scales 

Multimeters (portable) 

Electronic Key 

Laptop/Notebook Keyboard 
Mouse 

Garage Door Opener ; 
TV/Electronic Remote Control ~ 


Portable PRP or Retail Pos Device 


Jogging Monitor 
Smart Cards 


Cordless Phone (base/handset) 
Phone Dialer 

Answering Machine 

Feature Phone 

PBX Card 

CB Radios/ Digital Tuners 
Cable Converter 


Battery Driven 
Tone Generation 
Low Power 


Low Cost Power Supply. 

Temp Measurement 

Safety Features 

Noise Immunity © 

Driving LEDs/Relays/Heating 
Elements 


Rely on Hard-Wire Relay Circuits, 
Timers, Counters, Mechanical 
Sequence Controllers 

Temp Control 

Noise Immunity 

Safety Features 

Timing Control 


- Main Driven 


Battery Driven - : 
Minimal Power Consumption 


~ Low Voltage 


Sensing 
Measurement 


-. Standby Mode 


Flexible Package Offerings 


._ Small Physical Size 


Low Power 

Timing 

Serial interfaces 

Low Voltage 

Tone Dialing : 
Battery Saving Functions - 
Small Physical Size 


. Very Low Price 

’ Low Power Consumption 
Wide Voltage Range 
High Current Outputs 
Small Packages 


Wide Voltage Range 


” Low Power Consumption 
. Efficient Table Lookup 


Flexible Timer 


Brown Out Detection 
On-Board Comparator 

High Current Outputs - 
Watchdog/Software Interrupt 
Schmtt Trigger Inputs 

16-Bit PWM Timer 


Brown Out Detection 
On-Board Comparator 
On-Board A/D 
Watchdog/Soft Interrupt 
Schmitt Trigger Inputs 
Flexible Timers 

PWM Outputs 

High Current Outputs 
Safety Features 


Low Voltage Operation 
Low Power Consumption 


'- Wide Voltage Range 


Power Saving Modes 


*-Multi-Input Wakeup 


On-Board Comparator 


Small Packages 


_ Low Current Drain 


Low Voltage Operation 

Standby Mode 

UART - 

Serial Synchronous Interface 
16-Bit Timers ; 
Schmitt Trigger inputs 

LED Direct Drive 

Sufficient 1/O in Small Packages 





COP8 Family 


Appropriate © 
COP8 Devices 


COP912C ‘ 
COP920C/COP922C 


COP912C 
COP820C/840C/880C 


COP820/840 


~COP820CJ Family 


COP820CJ (on-board 
comparator) : 
COP888CF (on-board A/D) 


COP820CJ 
COP840/COP880_ 
COP888CL (Keyboards) 
COP8646 (Smart Cards) 


Cordless Phone: _ 
COP840/COP880 

Feature Phone PBX Card: 
COP888CG/COP888EG. 

Others: 
Generic COP8 Devices 





Automotive 


‘Market Segment 


Monitors 


Medical 
Equipment 


Industrial : Motion Control 


Security/ 
Monitoring 
System 


COPs Features/Applications Matrix (Continueg) 


; oS Ag " : Applications Microcontroller 
App ications . . ..  Features/Functions : Features Required ne 


Thermometer 
Pressure Monitors 
Various Portable Monitors 


‘ Bed-Side Pump/Timers: 
Ultrasonic Imaging System 
Analyzers (chemical, data) 
Electronic Microscopes 


Motor Control 
Power Tools 


Security Systems 

Burglar Alarms : 
Remote Data Monitoring System 
Emergency Control Systems 
Security Switches 


Switch Controls (elevator, 
traffic, power switches) 

Sensing Control Systems/ Displays 

Pressure Control (scales) 

Metering (utility, monetary, 
industrial) 

Lawn Sprinkler/Lawn Mowers 

Taxi Meter 

Coin Controls 

Industrial Timers 

Temperature Meters 

Gas Pump ; 

Gas/Smoke Detectors 


Radio/Tape Deck Controls 
Window/Seat/Mirror/Door/ 
Controls 

Heat/Climate/Controls 
:Headlight/Antenna 

Power Steering 

Anti Theft 

Slave Controllers 





Battery Driven 
Sensing/Measurement 
Data Transmission 
Low Power 

Low Voltage 


Monitoring Data 
Data Transmission 
Timing 


Motor Speed Control 
Noisy Environment 
Timing Control 


Data Transmission ‘ 
Monitoring (scan inputs from 
sensors) 


_ Keypad Scan 


Timing 

Diagnostic 

Data Monitoring 

Drive Alarm Sounders 
Interface to Phone System 
Standby Mode 


Timing/Counting . 
Sensing 
Measurement 


Timing 

Motion Control 

Display Control ; : 

Soft Runaway/Trap Recovery 
(safety considerations) 

EMI/Noise Immunity 

Serial Interfaces - 


’ Standby Modes 


Wide Temp Range ~ 


On-Board Comparator 
(low cost A/D) 

16-Bit Timer 

Low Power Consumption 

Low Voltage Operation 


Serial Interface 
A/D 
16-Bit Timers 


Flexible PWM Timers 
Schmitt Trigger Inputs 
High Current Outputs 


UART 

Flexible 16-Bit PWM Timers 

Flexible 1/O 

Single Slop A/D Capability 

Power Saving Modes (HALT, 
Multi-Input wakeup) 

Serial Synchronous Interface 


Generic Microcontroller 


Flexible PWM Timers 
Power Saving Modes 
Multi-Input Wakeup 
WATCHDOG Software Trap 
UART - 

CAN Interface 


Special Features for Dashboard 


Control (counters, capture 
modules, MUL/DIV) 

Reduced EMI : 

Wide Temp Range 





Appropriate 
_ COPS Devices 


COP820CJ (on-board) 
comparator) : 

COP840/COP880 

COP888CL ; 


COP888CS 
COP888CF 
COP888CG/COP888EG 


COP820/COP840 
COP888CL 


Basic Systems: 
COP840/COP880, COP888CL 
(Multi-Input wakeup) 

More Involved Systems: ; 
COP888CS/COP888CG 
COP888EK (muxed analog 
inputs, constant current 
source) 


Generic COP8 Microcontroller. 
COP820/COP840/COP880 


Radio/Climate Contro!: 
COP888CG/888EG/888EK 
Seat/Motional Control, 
Slave Controller: COP884BC 
Dashboard Control: 
COP88s8GW 
Mirror Control, etce.: 
COP8 Basic Family 


Climate Contro!: COP888CF 
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COPS Family Selection Guide 


Common Features: _ © Multi-Source Interrupt 
¢ Pinout 


¢ Instruction Set 


® 1 ws Instruction Cycle Time 
© Wide Power Supply—2.3V to 6.0V 


1/0 Packages 


Temp 
—55°C to | ROM.| RAM 


+425°c | (Bytes) | (Bytes 


COP942CJ | COP842CJ 
COP940CJ | COP840CJ 


COP912C 
COP922C 
COP920C 
COP942C 
COP940C 
COP981C 


COP620C 
COP642C 
COP640G 
COP681C 
(Note 1) 

COP680CG 


COP980C 
(Note 1) 


COP984CL | COP884CL | COP684CL|} 4.0k 128 
COP988CL | COP888CL | COP688CL| 4.0k 128 
COP984CF | COP884CF 4.0k 128 23 
COP988CF | COP888CF 4.0k 128 | 33/37 


N = Plastic DIP - 
v = Plastic Leaded Chip Carrier (PLCC) 


Note 1: MIL-STD-883 in J Pkg 
Note 2: Contact sales office for availability. 


¢ MICROWIRE Serial Communication 


e CMOS Process Technology 
e Halt Mode — 
¢ Software Selectable !/O 


Features 


WM = Small Outline Package—Wide Body 


COP8 Family 


© Wide Temperature Range 
® Development Tools 
¢ OTP Emulators (Note 2) 


Additional 
Features 


Brown Out Detection 
Modulator, Special PWM, 
Timer, High Current Outputs 


Brown Out Detection 
Modulator, Special PWM 
Timer, High Current Outputs 


64x8 
EEPROM 
IN 
RAM 


Clock 
Monitor 


8 Channel 
(8-bit) A/D 





COP8 Family Selection Guide (Continued) 


Common Features: © Multi-Source Interrupt @ MICROWIRE Serial Communication ¢ CMOS Process Technology © Wide Temperature Range 
¢ Pinout ¢ 1 ps Instruction Cycle Time e Halt Mode * Development Tools 
e Instruction Set © Wide Power Supply—2.3V to 6.0V e Software Selectable I/O ¢ OTP Emulators (Note 2) 


Comm | Ind 2 Memory Features 


Temp Temp : : ; 
0°C to —40°C to ROM | RAM Compar- WATCH- Additional 
Vv UART F 
+70°C +85°C (Bytes) | (Bytes) ators DOG Features 
23 ; 


COP984CS | COP884CS | COP684CS ~. 192 

COP988CS | COP888CS | COP688CS “} 192 
COP884CG 192 Reduced EMI 
COP888CG 192 . Reduced EMI 


COP984EK | COP884EK | COP684EK : 6 Analog Inputs, Constant 
COP988EK | COP888EK | COP688EK Xx Current Source, 


Reduced EMI 
COP984EG | COP884EG | COP684EG| 8.0K : 
COP988EG | COPs8sEG | COPE8EEG| 8.0k | : | 
COPs88GG | | Reduced EMI 


COP884BC -2.0k : CAN Interface, Motor 
Control Timer 


COP888GW 16.0k Hardware Multiply/ 
Divide Function, 
4x Counter Block, 
, : Reduced EMI 


Note 1: MIL-STD-883 in J Pkg N = Plastic DIP WM = Small Outline Package—Wide Body 
Note 2: Contact sales office for availability. - -V = Plastic Leaded Chip Carrier (PLCC) : 
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COP472-3 


AV vational Semiconductor 


COP472-3 Liquid Crystal Display Controller 


General Description 


The COP472-3 Liquid Crystal Display (LCD) Controller is a 
peripheral member of the COPST™ family, fabricated using 
CMOS technology. The COP472-3 drives a multiplexed liq- 
uid crystal display directly. Data is loaded serially and is held 
in internal latches. The COP472-3 contains an on-chip oscil- 
lator and generates all the multi-level waveforms for back- 
planes and segment outputs on a triplex display. One 
COP472-3 can drive 36 segments multiplexed as 3 x 12 
(41% digit display). Two COP472-3 devices can be used to- 
gether to drive 72 segments (3 x 24) which could be an 814 
digit display. 


Block Diagram 


Features 

m Direct interface to TRIPLEX LCD 

m Low power dissipation (100 pW typ.) 
m@ Low cost 

@ Compatible with all COPS processors 
m@ Needs no refresh from processor 

w On-chip oscillator and latches 

m Expandable to longer displays 

m Operates from display voltage 

m MICROWIRET™ compatible serial I/O 
@ 20-pin Dual-In-Line package and 20-pin sO 


BPa BPs BPc SA; SB; SC; SA2 SBz SC2 SA3 SB3 SC3 SAq SBq SC, 


TL/DD/6932-1 





Absolute Maximum Ratings | 
Voltage at CS, DI, SK pins —0.3V to +9.5V Storage Temperature —65°C to + 150°C 
Voltage at all other Pins —0.3V to Vpp + 0.3V Lead Temp. (Soldering, 10 Seconds) 300°C 
Operating Temperature Range 0°C to 70°C oo 


€-2LpdOO 


DC Electrical Characteristics 
GND = OV, Vpp = 3.0V to 5.5V, Ta = 0°C to 70°C (depends on display characteristics) 


Parameter Conditions 


Power Supply Voltage, Vpp 
Power Supply Current, Ipp (Note 1) 


Input Levels 
DI, SK, CS 
Vit 
ViH 


BPA (as Osc. in) 
Vit 
ViH 


Output Levels, BPC (as Osc. Out) 


go |eo 
o on © 


nd 
ms 


Vpp 

Backplane Outputs (BPA, BPB, BPC) 
VepPA, BPB, BPC ON During Vop 
VBPA, BPB, BPC OFF BP+ Time Va Vppt+ AV 
Vapa, 8pB, BPC ON 
Vepa, BPB, BPC OFF 


Segment Outputs (SA; ~ SAg) 
VseG ON During 
Vseq OFF BP+ Time Vpp— AV 2/3 Vopt AV. 


Vsec ON During Vpp— AV Vpp 
VseG OFF BP- Time V4 Vpp— AV Y% Vpp+ AV 


Internal Oscillator Frequency 


Frame Time (Int. Osc. + 192) SS 


Scan Frequency (1/Tscan) 


2/4, VVppt+ AV 


cb cb 
< < 





SK Clock Frequency 
SK Width 


Di 
Data Setup, tseTup 
Data Hold, tyoip 


4 
1.7 





cs 
tseTuP 
- tHOLD 
Output Loading Capacitance 


Note 1: Power supply current is measured in stand-alone mode with all outputs open and all inputs at Vpp. 
Note 2: AV=0.05Vpp. 





Absolute Maximum Ratings : 


If Milltary/Aerospace specified devices. are required, Storage Temperature = 65°C to + 150°C 
please contact the National. Semiconductor Sales Lead Temperature. 
Office/Distributors for avallabillty and specifications. (Soldering, 10 seconds) 


Voltage at CS, DI, SK Pins —0.3V to + 9.5V 
Voltage at All Other Pins —0.3V to Vpp + 0.3V 
Operating Temperature Range — 40°C to + 85°C 


COP472-3 


_DC Electrical Characteristics as os re 7 
GND = OV, Vopp = 3.0V to 5.5V, Ta = —40°C to +85°C (depends on display characteristics) . 


Parameter 
Power Supply Voltage, Vpp 
Power Supply Current, Ipp (Note 1) 


Input Levels 
*’DI, SK, CS 
VIL 
Vi 


’ BPA (as Osc. In) 
Vit 
ViH 
Output Levels, BPC (as Osc. Out) 
VoL 
VoH 
Backplane Outputs (BPA, BPB, BPC) 
, BPA, BPB, BPC ON ae et a Je: ae 
VepA, BPB, BPC OFF ee %aVop+ AV. 
__Vepa, BPB, BPC ON oe aoe 
VBPA, BPB, BPC OFF #4 Vop+ AV 
, Segment Outputs (SA; ~ SA,) : i , i. re 
Vseg ON © - During AV 
VsgeG OFF - ; BP+ Time -- = 24 Vppt AV: 
VseG ON oo : = : Vop : : : 
Vseq OFF | = %Vop+ Ave || 
Internal Oscillator Frequency 
Frame Time (Int. Osc. + 192) 
Scan Frequency (1/Tscan) 
SK Clock Frequency 
SK Width 


DI 
Data Setup, tseTup 
Data Hold, tyoLp 
tseTUP 
tHOLD 
Output Loading Capacitance 





Note 1: Power supply current is measured in stand-alone mode with all outputs open and all inputs at Vop. 
Note 2: AV = 0.05 Vpp. 
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Dual-In-Line Package Description 
Chip select 
Power supply (display voltage) 
Ground 
DI Serial data input 
. SK Serial clock input 
BPA Display backplane A (or oscillator in) 
BPs Display backplane B 
BPc Display backplane C (or oscillator out) 
: SA1~SC4 12 multiplexed outputs 


TL/DD/6932-2 
Top View 


Order Number COP472MW-3 or COP472N-3 
See NS Package Number M20A or N20A 


=~ C©CeEOnt MON ewrn = 


FIGURE 2. Connection Diagram 


t 
—+| |.— E68 setup HOLD ——> | 
=| [Sk wor 


ts 
|_| | 


|| 
Dl 1.0 1 1 [0 0 


—— >| |++— SETUP 


al +— HOLD 


SK 


TL/DD/6932-3 
FIGURE 3. Serial Load Timing Diagram 


fy 
SEGMENT 1, 
0 


TL/DD/6932-4 
FIGURE 4. Backplane and Segment Waveforms 


TL/DD/6932-5 
FIGURE 5. Typical Display Internal Connections 
Epson LD-370 
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COP472-3 


Functional Description 


The COP472-3 drives 36 bits of display information orga- 
nized as twelve segments and three backplanes. The 
COP472-3 requires 40 information bits: 36 data and 4 con- 
trol. The function of each control bit is described below. 
Display information format is a function of the LCD intercon- 
nections. A typical segment/backplane configuration is illus- 
trated in Figure 5, with this configuration the COP472-3 will 
drive 4 digits of 9 segments. 

To adapt the COP472-3 to any LCD display configuration, 
the segment/backplane multiplex scheme is illustrated in 
Table I. 


Two or more COP472-3 chips can be cascaded to drive 
additional segments. There is no limit to the number of 


COP472-3’s that can be used as long as the output a 


capacitance does not exceed specification. 
TABLE I. COP472-3 Segment/Backplane 
Multiplex Scheme 


Data to 
Numeric Display 


Segment, 
Backplane 


SA1, BPC 
SB1, BPB 
$C1, BPA 
$C1, BPB 
SB1i, BPC 
SA1, BPB 
SA1, BPA 
SB1, BPA 


SA2, BPC 
SB2, BPB 
SC2, BPA 
SC2, BPB 
SB2, BPC 
SA2, BPB 
SA2, BPA 
SB2, BPA 


SA3, BPC 
SB3, BPB 
SC3, BPA 
SC3, BPB 
$B3, BPC 
SA3, BPB 
SA3, BPA 
SB3, BPA 


SA4, BPC 
$B4, BPB 
SC4, BPA 
$C4, BPB 
SB4, BPC 
SA4, BPB 
SA4, BPA 
SB4, BPA 


SC1, BPC 
SC2, BPC 
SC3, BPC 
SC4, BPC 
not used 


Bit Number 


Digit 1 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Digit 3 


Digit 1 
Digit 2 
Digit 3 
Digit 4 
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SEGMENT DATA BITS 


Data is loaded in serially, in sets of eight bits. Each set of 
segment data is in the following format: 


SA | SB | SC’; SD {| SE | SF | SG | SH 


Data is shifted into an eight bit shift register. The first bit of 
the data is for segment H, digit 1. The eighth bit is segment 
A, digit 1. A set of eight bits is shifted in and then loaded into 
the digit one latches. The second set of 8 bits is loaded into 
digit two latches. The third set into digit three latches, and 
the fourth set is loaded into digit 1 four latches. 


CONTROL BITS 


The fifth set of 8 data bits contains special segment data 
and contro! data in the following format: 


SYNC } Q7 | Q6 SP4 | SP3 


The first four bits shifted in contain the special character 
segment data. The fifth bit is not used. The sixth and sev- 
enth bits program the COP472-3 as a stand alone LCD driv- 
er or as a master or slave for cascading COP472-3's. BPC 
of the master is connected to BPA of each slave. The fol- 
lowing table summarizes the function of bits six and seven: 


SP1 


Q7 Qé6 
1 1 


Function BPC Output 


Backplane 
Output 
Backplane 
Output 
Internal 
Osc. Output 
Internal Backplane 
Osc. Output Output 


The eighth bit is used to synchronize two COP472-3’s to 
drive an 8',-digit display. 


BPA Output 


Oscillator 
Input 
Backplane 
Output 
Oscillator 
Input 


Slave 
0 "Stand Alone 
Not Used 


Master 





LOADING SEQUENCE TO.DRIVE A 47/,-DIGIT DISPLAY 
Steps: ' ~ 
. Turn CE low. 
. Clock in 8 bits of data for digit 1. 
Clock in 8 bits of data for digit 2. 
Clock in 8 bits of data for digit 3. 
Clock in 8 bits of data for digit 4. 
. Clock in 8 bits of data for special segment and control 
function of BPC and BPA. 
o:'| o | 1 | 1 | sp4 | spa | sp2 | spi” 


7. Turn CS high. 


Note: CS may be turned high ai after any sibh For ghanisie’ to 
load only 2 digits of data,.do steps 1, 2, 3, and 7. 


CS must make a high to low transition before iat datai in 


order to reset internal counters. 


LOADING SEQUENCE TO DRIVE AN 
81-DIGIT DISPLAY ~ 


Two or more COP472-3's may be connected together to 


drive additional segments. An eight digit multiplexed display 
is shown in Figure 7. The following is the loading sequence 
to drive an eight digit display using two COP472-3’s. The 
right chip is the master and the left the slave. 


Steps: 

1. Turn GS low.on both COP472-3's. 

2. Shift in 32 bits of data for the slave's four digits. 

3. Shift in 4 bits of special Segment data: a zero and three 
ones. 


1/4 1 | 0 | sp4 | sp3 |-sp2 | spt 


This synchronizes both the chips and. BPA is oscillator 


input. Both chips are now stopped. 

. Turn CS high to both chips. 

. Turn CS low to master COP472-3. 
Shift in 32 bits.of data for the master’s 4 digits. 

. Shift in four bits of special segment data, a one ang 
three zeros. 

o:-| 0 | o ['1 | -sp4 | sp3 | sp2 | spt 


This sets the master COP472-3 to BPA as a normal 
backplane output and BPC as oscillator output. Now 
both the chips start and run off the same oscillator. 


8. Turn GS high. 
The chips are now synchronized and sais 8 digits of dis- 


play! To load new data simply load each chip separately in- 


the normal manner, keeping the correct status bits to each 
COP472-3 (0110 or 0001). 
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4% DIGIT LCD 
; copeoo 


BP, BP, BPc oe : 
80 DISPLAY 


SK SK COP472-3 Yoo 
Relea |" 
nD a vounae 


TL/DD/6932-6 
FIGURE 6. System Diagram -4% Digit Display 


BPa aPa 
BPc COP472-3 
ol Sk CS 


CoPpsoo 
so 


7 Tupp/6892- -7 
FIGURE 7. System Diagram = 8% Digit Display 
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A vationat Semiconductor 


-NSAM265SR/NSAM265SF 
CompactSPEECH™ Digital Speech Processors 


General Description 


The NSAM265SR and the NSAM265SF are members of 
National Semiconductor’s CompactSPEECH, _ Digital 
Speech processors family. These processors provide Digital 
Answering Machine (DAM) functionality to embedded sys- 
tems. Both processors are based on the NSAM265. 


' Unless specified otherwise, all references to the Compact- 
_ SPEECH processor. in this document apply to both the 
‘ NSAM265SR and the NSAM265SF. 


_ The CompactSPEECH processor integrates the functions of 


a traditional Digital Signal Processing (DSP) chip and a gen- 


. eral purpose 16-bit RISC processor. The device contains 


system support functions such as DRAM Controller, Inter- 
rupt Control.Unit, Codec Interface, MICROWIRE™ - inter- 
face, WATCHDOG™ timer and a Clock Generator. 


_ The CompactSPEECH processor operates as a slave pe- 


ripheral that is controlled by an external microcontroller via 
a serial MICROWIRE interface. In a typical DAM environ- 


‘ment the microcontroller controls the analog circuits, but- 


tons and display, and activates the CompactSPEECH by 
sending it commands. The CompactSPEECH processor ex- 
ecutes the commands and returns status information to the 
microcontroller. 


_ The CompactSPEECH firmware implements voice compres- 


sion and decompression, tone detection and generation, 
message storage management, on-chip speech synthesis 
for time and day stamp, and support for user-defined voice 
prompts in.various languages. 

The _NSAM265SR CompactSPEECH stippars DRAM/ 
ARAM for message storage while the NSAM265SF sup- 
ports FLASH/AFLASH. In all other respects, the ici 
are identical. 


The CompactSPEECH implements echo cancellation tech- 
niques to support improved DTMF tone detection on 
message playback. : 

CompactSPEECH supports speech synthesis: the technolo- 
gy used to create voice prompts from predefined words and 
phrases stored in a vocabulary. 


_ The CompactSPEECH can synthesize messages in various 
’ languages, in addition to the on-chip English vocabulary, via 
_ the International Vocabulary Support (IVS) mechanism. Syn- 


thesized messages can be stored on an external ROM. One 
ROM can contain several vocabularies in various lan- 
guages. The NSAM265SF can also store vocabularies on 
FLASH memory. DAM manufacturers can thus create ma- 


. Chines that “speak” in different languages, simply by using 
‘ other vocabularies. For more details about IVS, refer to the 


/VS User’s Manual. 


PRELIMINARY 


Features — 

mw Designed around a 16-bit RISC processor 

m™ 16-bit architecture and implementation 

m 20.48 MHz operation . 

mg On-chip DSP Module (DSPM) for high speed DSP 
operations . 

m@ On-chip Codec clock generation and itetiade 

m Power-down mode . 

tm MICROWIRE interface to an external microcontroller 

m Storage and management of messages , 

m Programmable message tag for message categoriza- 
tion, e.g., Mailboxes, InComing Messages (ICM), Out- 
Going Messages (OGM) 

m Skip forward or backward during message playback 

m@ Variable speed playback 

m@ Built-in vocabulary for speech synthesis, and support 
for external vocabularies. using expansion ROM 

m@ Multi-lingual speech synthesis using International Vo- 
cabulary Support (IVS) : 

m= DTMF and single tone generation and detection 

= DTMF tone detection during OutGoing Message play- 
back 

m Telephone line functions, aos busy and dial tone ; 
detection 


m Real-time clock 

m Direct access to message memory : 

™ Supports long-frame and short-frame codecs 

@ Available in PLCC 68-pin, and PQFP 100-pin packages 
NSAM265SR only 


m On-chip ARAM/DRAM Controller for 4-Mbit un x 4) 
and 16-Mbit (4M x 4) devices 


: m 15 minutes recording on a 4-Mbit ARAM 
_ @ Supports various ARAM configurations. No glue logic: 


required 

m@ Storage of up to 1600 messages 

m Production diagnostics eupport 

NSAM265SF only _ 

m Supports 4-Mbit and 8-Mbit, 
AFLASH devices 

m@ Up to 15 minutes recording on a 4-Mbit FLASH 

m Supports various AFLASH configurations. No glue logic 
required for a single AFLASH configuration 

m The number of messages that can be stored is limited 
only by memory size 

m Supports prerecorded IVS and OGM on FLASH 


byte wide, FLASH/~ 





Block Diagrams 


Microcontroller 


Microcontroller 


NSAM265SF Basic Configuration 


Data Bus 


A015 
Address Bus 


NSAM265SF . 


Extended Address: EA16-21 
PBO-5 


WRO 
PRE 
"EMCS 
CFSO 

- CDOUT 
CDIN 
CCLK 


A0-10, RA11 
Address Bus 


NSAM265SR 


MWCLK 
MWDIN 
MWRQST 
MWCS 
MWRDY 
MWDOUT 


AFLASH ° 


TP3054 


TL/EE/12500-2 
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Physical Dimensions inches (mitimeters) 


23.6 + 0.2 TYP 
20.0 + 0.1 — 


17.6 + 0.2 TYP 
14.0 £.0.1 


3] |. 0.65 4 0.10 TYP 


Aiea in a SEE DETAIL A 


a Ee eres Soe 
: AT sea 


0.15 + 0.03 TYP nd DETAIL A 
TYPICAL 


0.05 MIN 
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100-Pin Molded Plastic Quad Flat Package (EIAJ) 
Order Number NSAM265SRA/SFA 
NS Package Number VLJ100A 
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P hysical DimensiONsS inches (millimeters) (Continued) 


+0.006 
0-950 -9.000 


Qo +0.15 0.01740.004 
[as.13 0 (0.4340. 10] 


0.045 
[1.14] 


PIN 1 IDENT 
1 68 45°X 


60 © 


0.02940.003 


[0.740.038] |Y? 


ASSSZINVSN/YSS9IZTWNVSN 


0.91040.020 


[23.1140.51] [YP 


SEATING PLANE 


0.020 
[0.51] MIN TYP 0.990+0.005 
0.105£0.015 [25.150.13] 
[2.6740.38] 
0.165-0.180 
[4.19-4.57] 


[2 ]0.004[0. 10] 


TYP 


TYP 
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68-Pin Plastic Leaded Chip Carrier (V) 
Order Number NSAM265SRA/SFA 
NS Package Number V68A 
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LCD Triplex Drive with 
COP820CJU 


INTRODUCTION 


There are many applications which use a microcontroller in 
combination with a Liquid Crystal Display. The normal meth- 
od to control a LCD panel is to connect it to a special LCD 
driver device, which receives the display data from a micro- 
controller. A cheaper solution is to drive the LCD directly 


from the microcontroller. With the flexibility of a COP8 mi- © 


crocontroller the multiplexed LCD direct drive is possible. 


This application note shows a way how to drive a three way . 


multiplexed LCD with up to 36 segments using a 28-pin 
COP800 device. 
ABOUT MULTIPLEXED LCD’S 


There is a wide variety of LCD’s, ranging from static devices 
to multiplexed versions with multiplex rates of up to 1:256. 





0.1 BF RESET 


Ter 
TT 


G3/TIO 


33 pF 


sc fe 


FIGURE 1. Schematic for LCD Triplex Driver 


National Semiconductor 
Application Note 953 
Klaus Jaensch and 
Siegfried Rueth 


The multiplex rate of a LCD is determined by the number of 
‘its backplanes (segment-common planes). The number of 
segments controlled by one line (with one segment pin) is 


_ equal to the number of backplanes on the LCD. So, a three 


way multiplexed LCD has three backplanes and three seg- 
ments are controlled with one segment pin. For example in 
a three way multiplexed LCD with three segment inputs (SA, 
SB, SC) one can drive a 7-segment digit plus two special 
segments. 

These ae 3X3=7+2=9 segments. The special 


siti can have an application arene image. “+”, 
ee ss bee ,mA”,. .. etc). # 


0 50. 0 


GO/INT 
a 


100k 
a nF 


e Voc 


O Veco 


3 x 47k 


33 pF 


TL/DD/12076-1 
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SPECIAL SEGMENTS 


TL/DD/12076-2 


FIGURE 2. Example: Backplane-Segment Arrangement 


A typical configuration of a triplex LCD is a four digit display 
with 8. special segments (thus having a total of 36 seg- 
ments). Fifteen outputs of the COP8 are needed; 4 x.3 
segment pins and 3 backplane pins. 


Common to all LCD’s is that the voltage across back- 
plane(s) and segment(s) has to be an AC-voltage. This is to 
avoid electrochemical degradation of the liquid crystal layer. 
A segment being “off” or “on” depends on the r.m.s. volt- 
age across a segment. 


The maximum attainable ratio of “on” to “off” r.m.s. voltage 
(discrimination) i is determined by the multiplex ratio. It is giv- 
en by: 

(Von/Vorrf)max = SQR((SQR(N) + 1)/(SQR(N) = 1) 
N is the multiplex ratio. 


RELATIVE CONTRAST 
LCD CONTRAST 


Ves OFF 


In this example: 
VrmsON = 0.707*Vop 
VrmsOFF = 0.408*Vop 


Veus ON 


The maximum discrimination of a 3 way multiplexed LCD is 
1.93, however, it is also possible to order a customized dis- 
play with a smaller ratio. With the approach used in this 
application note, it may not be possible to acheive the opti- 
mum contrast acheived with a standard 3 way muxed driver. 
As a result of decreased discrimination (1.93 to 1.73) the 
user may have to live with a tighter viewing angle and a 
tighter temperature range. 


In this application you get a VrmsOFF voltage of 0.408*Vop 
and a VrmsON voltage of 0.707*Vop. Vop is the operating 
voltage of the LCD. Typical Vop values range from 3V-5V. 
With the optoelectrical curve of the LCD you can evaluate 
the maximum contrast of the LCD by calculating the differ- 
ence between the relative “OFF” contrast and the relative 
“ON” contrast. 


DRIVE VOLTAGE Vays 
TL/DD/12076-3 


FIGURE 3. Example Curve: Contrast vs r.m.s. Drive Voltage 
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The backplane signals are generated with the voltage steps 
OV, Vop/2 and Vop at the backplanes; also see Figure 4. 


Two resistors are necessary for each backplane to establish 
all these levels. 


The backplane connection scheme is shown in Figure 1. 


The Vop/2 level is generated by Switching the appropriate 
COP's port pin to Hi-Z. 


The following timing considerations show a simple way how 
to establish a discrimination ratio of 1, 732. 


TIMING CONSIDERATIONS 


A Refresh cycle is subdivided in 6 eon Figure 4 
shows the timing for the backplanes during the equal distant 
timephases 0... 5. 


Backplane Control 
REFRESH" +. 
- CYCLE | 
-TIMEPHASE| OF 15 2135 43. 
SBP ENO 22 ces 
 yop/2 





0 

BP2 vor 
VoP/2. 
0 

- Bp3. vor 
-_ vor/2 
0 


TL/DD/12076-4 


Note: After timephase 5 is over the backplane control timing starts with 
timephase 0 again. 


FIGURE 4. Backplane Timing 
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While the backplane control timing continuously repeats af- 
ter 6 timephases, the segment control depends on the com- 
bination of segments just being activated. 


TABLE |. Possible Segment ON/OFF Variations 


Tiphtab Address | Segment A | Segment B 


Figure 5 through Figure 12 below show all possible combi- 
nations of controlling a “Segment Triple” with help of the 3 
backplane connections and one segment pin. The segment 
switching has to be done according to the ON/OFF combi" 
nation required (see:also Table'l).: ~ 

Each figure shows in the first 3 graphs the constant t back- 
plane timing. 

The 4th graph from the top shows the ‘segment control tim- 
ing necessary to switch the 3 segments (SA/SB/SC), act: 
vated from one pin, in the eight possible ways. 

The 3 lower graphs show the resulting r.m.s. voltages 
across the : segments (SA, SB, OU: 
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Segment/Backplane Control 
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FIGURE 7 
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Segment/Backplane Control 
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FIGURE 10 


FIGURE 9 
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Segment/Backplane Control 
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REFRESH FREQUENCY 


One period with six timephases is called a refresh cycle 
{also see Figure 4). 


The refresh cycle should be in a frequency range of 30... 
60 Hz. A frequency below 30 Hz will cause a flickering dis- 
play. On the other hand, current consumption increases 
with the LCD's frequency. So it is also recommended to 
choose a frequency below 60 Hz. | 

In order to periodically update the ,C’s port pins (involved in 
backplane or segment control) at the beginning of a new 
timephase, the COPS needs a timebase of typ. 4 ms which 
is realized with an external RC-circuit at the GO/INT pin. 


The GO pin is programmable as input (Schmitt Trigger). The 
conditions for the external interrupt could be set for a low to 
high transition on the GO pin setting the IPND-flag (external 
interrupt pending flag) upon an occurrence of such a tran- 
sition. The external capacitor can be discharged, with the 
GO pin configured as Push/Pull output and programmed to 
“0”. When, switching GO as input the Cap. will be charged 
through the resistor, until the threshold voltage of the 
Schmitt-Trigger input is reached. This triggers the external 
interrupt. The first thing the interrupt service routine has to 
do is to discharge the capacitor and switch GO as input to 
restart the procedure. 

This timing method has the advantage, that the timer of the 


device is free for other tasks (for example to do an A/D 
conversion). 


The time interval between two interrupts depends on the RC 
circuit and the threshold of the GO Schmitt Trigger Vt}. 


The refresh frequency is independent of the clock frequen- 
cy provided to the COPs device. 


The variations of ‘threshold’ levels relative to Voc (over 


process) are as follows: 
(VtH/Voc) min = 0.376 
(VtH/Voc) max = 0.572 
at Voc = 5V 
Charge Time: 
T= —(In(1-VrH/Vec)*RC) 
To prevent a flickering display one should aim at a minimum 
refresh frequency of fre = 30 Hz. This means an interrupt 
frequency of fing = 6 X 30 Hz = 180 Hz. So, the maximum 
charge up time Tmax must not exceed 5.5 ms (Tmin = 
2.78 ms). 
With the formula: 
RCmax= Tmax/(—In(1—(VrH/Voc)max))= 5.5 ms x0.849 
RCmax = 6.48 ms 
(RCmin = 5.98 ms) 


The maximum RC time-constant is calculated. The minimum 
RC time constant can be calculated similarly. 


A capacitor in the nF-range should be used (e.g. 68 nF), 
because a bigger one needs too much time to discharge. To 
discharge a 68 nF Cap., the GO pin of the device has to be 
low for about 40 ps. 
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On the other hand the capacitor should be large enough to 
reduce noise susceptibility. #5 
When the RC combination is chosen, one can calculate the 
maximum refresh frequency by using the minimum values of 
the RC constant and the minimum threshold voltage:. 
Trin = RCmin®(—In(t —(VrH/Vec)min = RCmip’ 0.472 
and ; 

fretrzmax = fint,smax/ 6 = 1/(Tmin*6) . 
In the above example one timephase would be minimum 
2.82 ms long. This means that about 250 instructions could 
be executed during this time. 


SOFTWARE 


The software for the triplex LCD drive-demo is composed of 
three parts: 


1. The initialization routine is executed only once after reset- 
ting the device, as part of the general initialization routine of 
the main program. The function of this routine is to config- 
ure the ports, set the timephase counter (tiphase) to 
zero, discharge the external capacitor and enable the 
external Interrupt. 


The initialization routine needs 37 bytes ROM. 
Figure 13 shows the flowchart of this routine. 


INITIALIZE STACKPOINTER 
CONFIGURE PORTS 
INITIALIZE TIPHASE COUNTER 


ENABLE EXTERNAL INTERRUPT 
DISCHARGE EXTERNAL C 
LOAD DEFAULT DISPLAY DATA 





TL/DD/12076-13 
FIGURE 13. Flowchart for Initialization Routine 


2. The update routine calculates the port-data for each time- 
phase according to the BCD codes in the RAM locations 
‘digit1’ . . . ‘digit4’ and the special segments. This routine 
is only called if the display image changes. 
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The. routine converts the BCD code to a list 1st, which is 
used by the refresh routine. Figure 74 gives an overview and 
illustrates the data flow in this routine. | 


In Figure 15 the data flow chait is filled with Satie data 
according -to the display image in Figure 76.. 


First the routine creates the segist (4 bytes long), which 
contains the ‘‘on/off” configuration of each segment of the 
display. The display. has 36 segments but the 4 bytes have 
only 32 bits, so the four special segments $1 are stored in 
the ‘Specbuf location. The. bedsegtab table (in ROM) con- 
tains the LOOK-UP data for all possible Hex numbers from 
Oto F. 


The routine takes three bits at the beginning of each time- 
phase from the seg1st. - 


3-28 


These 3 bits address the 8 bytes of: the tiphtab table in 
ROM. Each byte of this table contains the time curve for a 
segment pin (only 6 bits out of 8 are used).Using this infor- 
mation, the program creates the lists for port D and port L 
(podist, po|1st). Every byte.of this list contains the timing 
representatives for the pins DO- D3 and LO- -L7, ‘to, allow 
an easy handling of the refresh routine... ee 


The external interrupt has. to be disabled while the copy 
routine is working, because the mixed data of two different 
display images would result in improper data on the display. 
Figure 17 shows the flowchart of the update routine. The 
Flowchart of the convert subroutine i is shown i in ‘Figure 18. 


MEMORY REQUIREMENTS... 
‘ROM: 152 bytes incl. look up tables Bone pa! 
RAM: 43 bytes (Fi igure 15 Dhetalee the RAM tocations) 





€S6-NV 


P= UGTA 
DIGIT2 


Vee ga =e 
YC CIGITS 
|__| DIGITS 


I ADDRESS 


= a 
SPECIAL SEGMENTS | SPECBUF 


3 BIT ADDRESS 


~~“ 


Oo 


PODLST 


= 


eon 


wa 
NOUS GN — © 


Oo 


POLLST 


trot! 


w 


> 


wn 


. 
‘ 
‘ 
‘ 
‘ 
i 
‘ 
e 
‘ 
’ 
‘ 
‘ 
‘ 
15 
‘ 
‘ 
t 
' 
’ 
' 
‘ 
' 
! 
i 
' 
t 
‘ 
. 


TIPHASE 





Ss] ROM LOCATIONS 


[__] RAM LOCATIONS 


TL/DD/12076-14 


FIGURE 14. Data Flow Chart for Update Routine 
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FIGURE 15. Data Fiow Chart for Update Routine 
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DIGIT —— 1 
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FIGURE 16. Display Example 


3. The refresh routine is the interrupt service routine of the 
external interrupt and is invoked at the beginning of a new 
timephase. First the routine discharges the external capaci- 
tor and switches the GO/INT pin back to the input mode, to 
initialize the next timephase. The backplane ports G2, G4 
and G5 and the segment pin ports D and L are updated by 
this routine according to the actual timephase. For the back- 
planes the data are loaded from the bptab table in ROM. 


Table Il shows how the bptab values are gathered. Figure 
20 shows the flowchart for the refresh routine. 

TIME REQUIREMENTS 

The routine runs max. 150 cycles. 


For a non flickering display, the refresh frequency must be 
30 Hz minimum. One refresh cycle has six timephases and 
is max. 33 ms long. So each timephase is 5.5 ms long. With 
an oscillator (CKI) frequency of 2 MHz, one instruction cycle 
takes 1/(2 MHz/10) = 5 ys to execute. During one time- 
phase the controller can execute: | 


5.5 ms/5 ps = 1100 cycles. So the refresh routine needs 
1384/1100 = 0.122 = 12.2% of the whole processing time 
(in this case). 

With a refresh frequency of 50 Hz the routine needs about 
20.1% of the whole processing time. 


The refresh routine needs about 103 ROM bytes. 


TABLE II. Phase Values 


Tiphase 


| 20 
i 


data/configuration register of portg 
0/0 : Hi-Z input 

0/1: output low 

1/1 : output high 


XXO0O0XOXX 


| 00 
an [we [wo] se [09 
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Tes [ae [a rongnas [er [reg 


XXO00X1XX 04 
XX01X0OXX 10 
XX10X0OXX 


XX00X1XX 
XX01X0XX 
XX10X0XX 
XX00X1XX 
XX01X0XX 


XX10X0XX 
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SUMMARY OF IMPORTANT DATA 


LCD type: 


3 way multiplexed 


Amount of segments: 36 
Vop = (Vcc) (range): 2.5V to 6V 


Oscillator frequency: 


2 MHz (typ.) 


Instruction cycle time: 5 ps 


ROM requirements: 
init routine: 
update routine: 
refresh routine: 
total: . 

RAM requirements: 
permanent use: 
temporary use: 
stack: 
total: 


Timer: 
External interrupt: 


Ports D, L: 
Port G: 


Port |: 


37 bytes 
152 bytes 
103 bytes 
292 bytes 


25 bytes 
18 bytes 
6 bytes 
49 bytes 
(also see Figure 19) 
not used 


with RC circuit used as time-base gen- 
erator 


used for LCD control 


3 G-pins are still free for other 
purposes + 


can be used as key-inp. 
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LOAD BCD CODE FROM DIGIT LIST oT] DISABLE EXTERNAL INTERRUPT 
INCREMENT DIGIT COUNTER: a 7 . LOAD BYTE FROM PORTDIST 
LOAD SEGMENT SETTING BYTE ; SWAP PORTD BYTE 


FROM 'BCDSEGTAB' ; 


<< LAST PORTD BYTE ? 
4 YES 
YES av 4‘ 


: ae "LOAD BYTE FROM PORTLIST 
I CONVERT SEGLST TO PODLST i 


oe ; Ps ee "STORE TO REFRESH LIST LST 
SET/RES SPECIAL SEGMENT 


; i oe | eee SWAP PORTL BYTE 
LOAD SEGMENT BIT S1 TO CARRY ‘ ‘ 
STORE TO REFRESH LIST LST 
LOAD SEGMENT BYTE | as = 


SHIFT SEGMENT BYTE RIGHT Me te 4s We . LAST PORTL BYTE ? 


SHIFT SEGMENT BYTE RIGHT. an ves 
a ar ae ENABLE EXTERNAL INTERRUPT 
SHIFT SEGMENT BYTE RIGHT a ols 





LAST SEGMENT BYTE ? 


; RETURN FROM UPDATE 
SUBROUTINE 


YES 


[emer sor erst] 
[ensure } 





LAST SEGMENT BYTE ? 


q CONVERT SEGLST TO POLLST (2) i 


; TL/DD/12076-17 
FIGURE 17. Flowchart for Update Routine 





3-33 


AN-953 


[Tamer] 


WORKING ON PORTDIST 


z 


POINTER ON PORTD LIST 


SHIFTED OUT 6 TIME- 
PHASES ? 


LAST SEGMENT BYTE ? 


RETURN FROM CONVERT ROUTINE 


FIGURE 18. Flowchart for Convert Subroutine 
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SSS POLLST 


SEGLST ; SPECBUF 
SY TEMP 

TIPHASE 

ZZA SPECIAL 


[1] Free RAM LOCATIONS 
FO CHIT Poppur 
Fi IUUDAAUAUAUAUEII POLBUF Rag TEMPORARY USED FROM 
F2 WHIT eocopur 
F3 [UDI pocceur : ie atin 
WLLL «CONTAIN THE DISPLAY IMAGE 


AN CONTINUAL USED FOR 


LCD REFRESHING 
REGISTER TABLE RORK USED BY COP8 CORE 


TL/OD/12076-19 
FIGURE 19. RAM Assignment 
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+ DISCHARGE EXTERNALC, 
"|. | STORE ACCU, B, can, HCARRY © 
POINTER:=TIPHASE * 2 
7 ., LOAD PORTO BYTE FROM.LST > 
STORE IT TO PORTD BUFFER 


LOAD PORTL BYTE FROM LST 


_. STORE IT TO PORTL BUFFER 


~ POINTER.ON BACKPLANE: TABLE’ - 





“ LOAD PORTGD BYTE FROM ROM 


STORE IT TO PORTGD BUFFER 


LOAD PORTGC BYTE FROM ROM 


STORE IT TO PORTGC BUFFER 


COPY BUFFER BYTES TO PORTD 
PORTL, PORTGD AND PORTGC 


INC TIPHASE 


SET TIPHASE:=0 


RESTORE CARRY, HALFCARRY BIT, 
B, ACCU 


RETURN FROM REFRESH ROUTINE 
TL/DD/12076-20 


FIGURE 20. Flowchart for Refresh-Routine 
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Listing 


; DEMO FOR COP820CJ: 
; 3 WAY MULTIPLEXED LCD DRIVER DEMO 
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CONSTANT DISPLAY "01A3" and two special segments on 


-incld cop820cj.inc 
;RAM assignments 


tiphase=01E 
special=01F 


digit1=020 
digit2=021 
digit 3=022 
digit 4=023 


accsto=024 


bsto=025 
pswsto=026 


;register definition: 


podbuf=0£0 
polbuf=0f1 
pogdbuf=0f2 
pogcebuf=0f3 
flags=0f4 


;flag definition in flags byte 
podfla=07 


;this byte must contain the 
jon/offt configuration of 
;the extra segments 

7 ('-','’ low bat’,etc.) 


jin these RAM locations the 
;BCD code of the display 
;digits are stored. 


. 
tf 


gaccu buffer used during 
jinterrupt service routine 
7b buffer 

;psw buffer 


jportd buffer 
jportl buffer. 
jportgd buffer 
;portge buffer 
;flag byte for podfla 


PRAKKEKKKKKKREKE initialization routine KRKEKKRKKEKKKKEKKKKEKKKKKKR ER KEKKEEK ITT 


init: 
sp, #02f 


portlc, #0ff 
portgc, #037 


portgd, #00 


tiphase, #00 
psw, #002 
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jinitialize stackpoinzter 


sport 1 output 
sport g:G1,G2,G4,G5 
;Outputs 

7all outputs low, 
jinputs Hi-Z 

iC at GO is discharged 
jbegin with timephase 0 
jext. interrupt enabie 


are 


all 


TL/DO/12076-21 
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sbit #gie,psw 
rbit #00,portgc 


ld 
ld 


b,#special 
[b+], #088 


ld 
1d 
‘1d 
1d 


{b+], #00 
[b+], #001 
[b+], #00A 
fb], #003 


sinterrupts are welcome now 
snow the external C can ne 


a gensEge? 


| ;two egeciai segments 


‘sane. ON = 
;display:"01A3" 
;digitl 

;digit2: 
;digit3: 
;digit4 


PRR KKKRREKRKKKEKEKKE main “program KKK KKK KKK KKH KEK KKK KKK KKKKAKKKEKEKKKKEKKEKKEK 


loop: is A 
- jJsr ‘update ~- 
jp loop. 


. KEKKKKEKKEKAKKKEK update subroutine FO KKK KR KKK KEK KKM KKKKKKAKKKKKEKEKE 


;RAM definitions: 


specbuf=01C 
temp=01D 


s;pointer on tables: 
podist=010 


pollst=016 
lst .=000 


segist=00C 


.=0200 
-local 

ld a,special 
x a, specbuf 


ld x,#seglst 
La. by#degictl 


ld a, [b+] 


add a, #L(bedsegtab) 


‘laid’: -: 


xX a,temp 
ld a,specbuf 
rrc a 
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;buffer for ’ special’ 
jtemporary used 


jadress of list for port d 
jadress of list for port l 
;main list for display 
;routine to refresh 

jport d,l each timephase 


jthis list contains the 
;on/offt configuration of 
;the Seamene? 


;load '’special’ register 

jto the buffer ’specbuf’ 

7X points the segmentlist 
ib points digitlist 


;load BCD code of 

current digit 

;set pointer on look up 
jtable for segment setting 
jload segment.data of 
;Current digit 

;Store it to RAM 

jload special bit 

;to carry 
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x a, Specbuf 


"Tine? 
rbit #2,temp 


ld a,temp 
x a, [xt] 

ifbne #04 
jp nxtdig 


sbit #podfla, flags 


jsr convert 


shift with carry 


shwe: arr eo 

ld b, #seglst. -. 
ld a,specbuf 
ere 2 

x: a, Specbuf 


nxtshwe: 


ld a, {b] 
rre:a . : 
rre as. 


rre a 
x. a, [b+] 
ifbne #00 


jp nxtshwe 


rbit 4podfla, flags 


. Jsx' convert 


sshift (without carry) 
~ld.b, #seglist 
ld a, [b] 
Ere: a 
Ere a 
rre-a 
x a, (b+] 
~ ifpne #00 - 


shift: 
nxtshift: 


jp nxtshift 


;prepare for next 
;special segment 

;special bit not set ? 
jthen reset it in the 
ytemp byte ~ 

;store temp 

jto the seglst list 

;if not last digit 

load data for next digit 


;set flag -for working at 
sport d list. 

;convert 3 bits from the 
;segment bytes to the 
;timephaselist for portd 


7b points:seglst . 

;load special segment bit 
;to carry 
*;prepare for next. 
;special segment :. 

;shift the segmentbyte 
;three positions right 
jand append the special 
;segment bit 


;store shifted byte 
;end of segment list 
pnot. reached? = =: 
;then shift the next 
;segment byte 


;reset flag:for working 
sat port 1 list. 

;convert 3 bits. of the 
7segment bytes to the 
;timephaselist for port l 


7b points :segmnet list 
; load segment byte 

;shift the segmentbyte 
;three positions right 


;store shifted byte 

;end of segment list 
;not reached ? 

;then shift the next 
;segment byte. 
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jsxr° convert 


scopy portdata to the list on which the 


copy: ; 
rbit #eni,psw 


ld b, #podist 
ld x,#lst 

ld a, (bt] 
-swap-a- 

x a, [xt] 

ld a, (x+] 
ifpbne #06 


jp nxtd 

ld b, #pollst 
ld x,#1lst 
ld.a, (x+] 
ld a, (b+) 
swap a 

x a, [X+] 
ifbne #0C 


jp nxtl 
sbit: #eni,psw 


ret 
;subroutines for update routine: 


convert: 

ld x, #seglst 

ld a, [x+] 

and a, #007 

add a, #L (tiphtab) 
laid 


nxtsgl: 


ld b, #pollst 


ifbit #podfla, flags 


1d'b, #podist 


;shift timephase data according to 3 bits 


possible with 3 segments) 


tipsh: : 
x a,temp 


nxtphsh: 
ld a,temp 
rzc a 
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;convert 3-bits of the 
;segment bytes to the 
;timephaselist for port 1 


refresh routine will access 


;disable interrupt to 
jprevent fail display 

sb points podist 

;x points refresh list 
;load portbyte 

;swap it 

;store it to refresh list 
jincrement x 

;if the end of the podlst 
jis not reached 

jthen next timephase 

7b points pollst 

;x points refresh list 
;increment..x 

;load portbyte 

;swap it 

;store it to refresh list 
;if the end of the pollst 
;is not reached 

;then next timephase 
;refresh routine: allowed 
jagain 


send of update routine 


7X points segment list 
;load segment byte 

;mask out first three bits 
;pointer on timephase table 
;load timephase curve for 
;one segment pin 

7b points list for portd 
;working at podlst ? 

;then b points on podist 


( 8 combinations are 


;store timephase’curve to 
;temp buffer 


;load timephase curve again 
shift out one bit into 


TL/DD/12076-24 





» <pearxry bit 

x a,temp ;store shifted curve 

ld a, [b] ees zload. portbyte 

rre a tshift in one bit from 
;carry bit 

x a, [bt] ;store shifted portbyte 
yagain 

ld a, #pollst ;end of podlst ? 

ifeq a,b at ae 

jp eplst sthen return 

ifbne #0C jelse end of pollst 

jp nxtphsh ; 3 
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ld a, #L(seglst+4) sit the end of the segment — 
ifgt a,x a jlist is not reached 
jp nxtsgl .« .gwork. at next segment byte . 
ret . ; oe Y : 


bedsegtab: 


jin this bytes are the on/off configuration of the segments 
;for a digit are stored. there are only 7 bits of each byte 
;the configuration of the 2 special segments is stored 

sin the ‘special’ byte. 


.BYTE OEF,007,0BD,03F -— TET 

-BYTE 057,076, 0FE,O0F °° 7'4'.../°7!% 

-BYTE OFF; 07F ODF, 0F6. “728! «41 B’ 

.BYTE OEC, 0B7, OFC, ODC POC gal BE 
tiphtab: 


;one pin controls 3 segments. there are 8 possible 
jcombinations. for each combination there is- one byte. 
76 bits of one byte control the pin for each timephase. 


.BYTE 007, 00B, 015, 01C, 023, 02A, 031, 038 


PRKRKRKKKKKKKKEK interrupt service routine KKK KKKRKKKKKKKKKEKKKEKKEKKKKK 


.=Off 
refresh: 
xX a,accsto . ggstore accu 
ld a,b ;store b 
xX a,bsto’ |: 24 , wae 


ld b, #portgd tas. 
;discharge C 
rbit #00, [b] 
ld a, {b+] jincrement b (b=#portgc) 
sbit #00, [b]} -  yby. switching GO to a 
;low output 
TL/DD/12076-25 
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rbit #00, [b] 
ld b, #psw 
rbit #ipnd, [b] 


ld a, [b] 
x a,pswsto 


ld a,tiphase 
add a,tiphase 


x a,b 
ld a, (bt] 


x a,podbuf 
ld a, [b+] 
xX a,polbuf 
ld a,b 


add a, #L(bptab) -2 


x a,b 

ld a,b 

laid 

x a,pogdbuft 


ld a, [bt] 
ld a,b 

laid 

x a,pogcbuf 


ld b, #podbuf 
ld a, ({b+] 

xX a,portd 
ld a, [b+] 

x a,portld 


ld portgc, #00 


ld a, {b+] 
x a,portgd 
ld a, (bt} 
x a,portge 


ld a,tiphase 
inc a 

ifeq a, #06 
ld a, #00 

xX a,tiphase 
ld b, #pswsto 


re : 
ifbit #07, [b] 


7;C can be charged again 


jreset.ext. interrupt 
spending flag 


;load psw 


store psw 


jaccu:=tiphase*2 


. os 
ra 


;store accu in b 

jload portbyte from 
;refresh list(’lst’) 
;store it to port d buffer 
jload portbyte 

;store it to port 1 buffer 
jaccu:=timephase*2+2 

jaccu points on 

backplane table 

store pointer 


jload port g data byte 
#store it to port g data 
buffer 

;increment b 

;load pointer 

j;load portg conf. byte 
;store it to buffer 


7b points buffer list 


;refresh port d 


refresh port i 


7all backplane wires on 
iVop/2 level to prevent 
;spikes 


; 


;refresh port g data 


axrefresh port g config. 


;update timephase counter. 
;tiphase = 0..5 

; 

; 

;restore carry bit 


i 
TL/DD/12076-26 
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sbit #07,psw 
ifbit #06, [b] 
sbit #06,psw 


ld a,bsto 


x a,b 
ld a,accsto 


reti 


;restore halfcarry bit 


. 
e 


srestore b 


. 
a 


;restore accu 


s;return from lcd 
s;refresh routine 


-BYTE 004,004,010, 010,020,020 
-BYTE 000,004,000,010,000,020 : 


. END 
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DTMF Generation with a 
3.58 MHz Crystal 


DTMF (Dual Tone Multiple Frequency) is associated with 
digital telephony, and provides two selected output frequen- 
cies (one high band, one low band) for a duration of 100 ms. 
DTMF generation consists of selecting and combining two 
audio tone frequencies associated with the rows (low band 
frequency) and columns (high band frequency) of a push- 
button touch tone telephone keypad. 


This application note outlines two different: methods of 
DTMF generation using a COP820C/840C microcontroller -: 


clocked with a 3.58 MHz crystal in the divide by 10 mode. 
This yields an instruction cycle time of 2.79 us. The applica- 
tion note also provides a low true row/column decoder for 
the DTMF keyboard. 


The first method of DTMF generation provides two PWM 
(Pulse Width Modulation) outputs on pins G3 and G2 of the 
G port for 100 ms. These two PWM outputs represent the 
selected high band and low band frequencies respectively, 
and must be combined externally with an LM324 op amp or 
equivalent feed back circuit to produce the DTMF signal. 


The second method of DTMF generation uses ROM lookup 
tables to simulate the two selected OTMF frequencies. 
These table lookup values for the selected high band and 
low band frequencies are then combined arithmetically. The 
high band frequencies contain a higher bias value to com- 
pensate for the DTMF requirement that the high band fre- 
quency component be 2 dB above the low band frequency 
component to compensate for losses in transmission. The 
resultant value from the arithmetic combination of sine wave 
values is output on L port pins LO to L5, and must be com- 
bined externally with a six input resistor ladder network to 
produce the DTMF signal. This resultant value is updated 
every 118 4s. The COP820C/840C timer is used to time out 
the 100 ms duration of the DTMF. A timer interrupt at the 
end of the 100 ms is used to terminate the DTMF output. 
The external ladder network need not contain any active 
components, unlike the first method of DTMF generation 
with the two PWM outputs into the LM324 op amp. 


The associated COP820C/840C program for the DTMF 
generation is organized as three subroutines. The first sub- 
routine (KBRDEC) converts the low true column/row input 
from the DTMF keyboard into the associated DTMF hexa- 
decimal digit. In turn, this hex digit provides the input for the 
other two subroutines (ODTMFGP and OTMFLP), which rep- 
resent the two different methods of DTMF generation. 
These three subroutines contain 35, 94, and 301 bytes of 
COP820C/840C code respectively, including all associated 
ROM tables. The Program Code/ROM table breakdowns 
are 19/16, 78/16, and 88/213 bytes respectively. 


DTMF KEYBOARD MATRIX 


The matrix for selecting the high and low band frequencies 
associated with each key is shown in Figure 7. Each key is 
uniquely referenced by selecting one of the four low band 
frequencies associated with the matrix rows, coupled with 
selecting one of the four high band frequencies associated 
with the matrix columns. The low band frequencies are 
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697 Hz, 770 Hz, 852 Hz, and 941 Hz, while the high band 
frequencies are.1209 ‘Hz, 1336 Hz, 1477 Hz, and 1633 Hz. 
The DTMF keyboard input decode subroutine assumes that 
the keyboard is encoded in a low true row/column format, 
where the keyboard is strobed sequentially with four low 
true column selects with each returning a low true row se- 
lect. The low true column and row selects are encoded in 


. the upper and.lower nibbles respectively of the accumulator, 
_which serves’as the input to the DTMF keyboard input de- 


code subroutine. The subroutine will: then generate the 
DTMF hexadecimal digit associated with the DTMF key- 
board input digit. 

The DTMF keyboard decode subroutine (KBRDEC) utilizes 
a common ROM table lookup for each of the two nibbles 
representing the low true column and row encodings for the 
keyboard. The only legal low true nibbles for a single key 
input are E, D, B, and 7. All other low true nibble values 
represent multiple keys, no key, or no column strobe. Re- 
sults from two legal nibble table lookups (from the same 16 
byte ROM table) are combined to form a hex digit with the 
binary format of OOOORRCC, where RR represents the four 
row values and CC represents the four column values. The 
illegal nibbles are trapped, and the subroutine is exited with 
a RET (return) command to indicate multiple keys or no key. 
A pair of legal nibble table lookups result in the subroutine 
being exited with a RETSK (return and skip) command to 
indicate a single key input. This KBRDEC subroutine uses 
35 bytes of code, consisting of 19 bytes of program code 
and 16 bytes of ROM table. 


DTMF GENERATION USING PWM AND AN OP AMP 


The first DTMF generation method (using the DTMFGP sub- 
routine) generates the selected high band and low band 
frequencies as PWM (Pulse Width Modulation) outputs on 
pins G3 and G2 respectively of the G port. The COP820C/ 
840C microcontrollers each contain only one timer, and 
three times must be generated to satisfy the DTMF applica- 
tion. These three times are the half periods of the two se- 
lected frequencies and the 100 ms duration period. Obvi- 
ously the single timer can only generate one of the required 
times, while the program must generate the two remaining 
times. The solution lies in dividing the 100 ms duration time 
by the half periods for each of the eight DTMF frequencies, 
and then examining the respective high band and low band 
quotients and remainders. Naturally these divisions must be 
normalized to the instruction cycle time (tc). 100 ms repre- 
sents 35796 tc’s. The results of these divisions are detailed 
in Table |. 


The four high band frequencies are produced by running the 
COP820C/840C timer in PWM (Pulse Width Modulation) 
mode, while the program produces the four low band fre- 
quencies and the 100 ms duration timeout. The pro- 
grammed times are achieved by using three programmed 
register counters RO, R2 and R3, with a backup register R1 
to reload the counter RO. These three counters represent 
the half period, the 100 ms quotient, and the 100 ms re- 
mainder associated with each of the four low band frequen- 
cies. 
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HIGH BAND 


LOW BAND 
FREQ’S 


COLUMNS 
FIGURE 1. DTMF Keyboard Matrix 
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TABLE I. Frequency Half Periods, Quotients and Remainders 


Half 100 ms/0.5P 
Perlod in tc’s 
In ns Remainder 
73 
68 
96 


76 





oO 
N 


Low Band Frequencies 


0 

> 

—_ 
Nn 
+ 
Oo 


_ 
Lh 
tee) 


High Band Frequencies 
18 


= 
wo 
oS 


46 
' Note: 100 ms represents 35796 to's. 
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The DTMFGP subroutine starts by transforming the DTMF 
hex digit in the accumulator (with binary format OOOORRCC) 
into low and high frequency vectors with binary formats 
0011RR11 and 0011CC00 respectively. The transformation 
of the hex digit OOOORRCC (where RR is the row select and 
CC is the column select) into the frequency vectors is 


shown in Table II. The conversion produces a timer vector ' 


0011CCO0O0 (T), and three programmed counter vectors for 


R1, R2, and R3. The formats for the three counter vectors. ; 
are 0011RR11 (F), 0011RR10 (Q), and 0011RR01 (R).° 
These four vectors created from the core vector are usedas 


inputs for a 16 byte ROM table using the LAID (Load Accu- 


_,mulator InDirect) instruction. One of these four vectors (the 


T vector) is a‘function of the column bits (CC), while the 


‘other three vectors (F, Q, R) are a function of the row bits 


-- (RR). This correlates to only one parameter being needed 


for.the timer (representing the selected high band frequen- 
cy), while three parameters are needed for the three coun- 
ters (half period, 100 ms quotient, 100 ms remainder) asso- 


; ciated with the low band frequency and 100 ms duration. 


: The frequency parameter ROM translation table, accessed 


__ ‘by the T, F, Q; and R vectors, is shown in Table Ill. 


TABLE II. DTMF Hex Digit Translation 


DTMF Hex Digit— 0000RRCC 


Timer Vector” © 

Half Period Vector 

100 ms Quotient Vector 
100 ms Remainder Vector 


0011CC00 
-- 0011RR11 
0011RR10 
0011RR01 


‘TABLE Ill. Frequency Parameter ROM Translation Table 
‘Q— Quotient 


T— Timer F— Frequency 
*” Address Data (Decimal) 

0x30 AAP Gone 8 

0x81 wo 

0x32 140 

0x33 38 

0x34 133 

0x35 9 

0x36 155 

0x37 33 

0x38 120 

0x39 14 

Ox3A 171 

0x3B 31 

0x3C 109 

0x3D 10 

Ox3E 189 

Ox3F 26 
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The theory of operation in producing the selected low band 
frequency starts with loading the three counters with values 
obtained from a ROM table. The half period for the selected 
frequency is counted out, after which the G2 output bit is. 
toggled. During this half period countout, the quotient coun- 
ter is decremented. This procedure is repeated until the 
quotient counter counts out, after which the program 
branches to the remainder loop. During the remainder loop, 
the remainder counter counts out to terminate the 100 ms. 
Following the remainder countout, the G2 and G3 bits are 
both reset, after which the DTMF subroutine is exited. Great 
care must be taken in time balancing the half period loop for 


- Program 
LD | 
LD 


B,#PORTGD 
X,#R1 
LD’ Ax] 
2,[B] 
JP BYP1 
X — AIK+] 
2,[8) — 
JSP _ BYP2 


2,[B) 
A[X+] 
R2 
LUP2 
FINI 

- RO 
LUP2 


AX] 
A831, 
_LUP4 


A, #38 
LUP1 


’ LUP1 


Table Ill 
Frequency — 
{(38 — 1) 
(33 — 1) 

_ (81-1) 
.. (26 — 1) 


Stall 


x 6] 
x 6] 
xX 6] 
x 6] 


Bytes/ — 
Cycles 


2/3 
2/3 


1/3 
/1 
1/3 
1/3 
1/1 
1/3 
/1 
1/1 
1/3 
1/3 
1/3 
1/3 
1/3 
1/3 


‘Loop - 


+ 40 


the selected low band frequency. Furthermore, the toggling 


_ of the G2 output bit (achieved with either a set or reset bit 


instruction) must also be exactly time balanced to maintain 
the half period time integrity. Local stall loops (consisting of 
a DRSZ instruction followed by a JP jump back to the DRSZ 
for a two byte, six instruction cycle loop) are embedded in 
both the half period and remainder loops. Consequently, the 
ROM table parameters for the half period and remainder 
counters are approximately only one-sixth of what otherwise 
might be expected. The program for the half period loop, 
along with the detailed time balancing of the loop for each 
of the low band frequencies, is shown in Figure 2. 


Total 
Cycles 


Conditional 


Cycles Cycles. 


Total 
Cycles 
+35 


Half 
~ Period 
= 257 

= 282 
= 210 
= 190 


+ 30 
+ 40 


FIGURE 2. Time Balancing for Half Period Loop 
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Table Ul 


TABLE IV. Time Balancing for Remainder Loop 


Table! — 


Stall R Loop Total | 
Remainder Loop Overhead Cycles ' Remainder 
[10 -— 1) x 6]. + 20 =74 730 
(( 9-1) x6). + 20 = 68 . 68 
[14 - 1) xX 6 + 20 = 98° 96 
~[(10 — 1) x 6] + 20 =74 : 76° 


Note that the Q value in Table Ill is one greater than the 
quotient in Table | to compensate for the fact that the quo- 
tient count down to zero test is performed early in the half 
period loop. The overhead in the remainder loop is 20 in- 
struction cycles. The detailed time balancing for the remain- 
der loop is shown in Table IV. 


The selected high band frequency is achieved .by loading 


the half period count in tc’s minus one (from Table Ill) into _ 


the timer autoreload register and running the timer in PWM 
output mode. The minus one is necessary since the timer 
toggles the G3 output bit when it underflows (counts down 
through zero), at which time the contents of the autoreload 
register are transferred into the timer. 

In summary, the input digit from the keyboard (encoded in 
low true column/row format) is translated into a digit matrix 
vector XXXXRRCC which is checked for 1001RRCC to indi- 
cate a single key entry. No key or multiple key entries will 


set a flag and terminate the DTMF subroutine. The digit | 


matrix vector for a single key is transformed into the core 
vector OOOORRCC. The core vector is then translated into 
four other vectors (T, F, Q, R) which in turn are used to 


select four parameters from a 16 byte ROM table. These — 


four parameters are used to load the timer, and the respec- 
tive half period, quotient, and remainder counters. The 16 
byte ROM table must be located starting at ROM location 
0030 (or 0X30) in order to minimize program size, and has 
reference setups with the “OR A, #033” instruction for the F 
vector and the “OR A,#030” instruction for the T vector. 


The three parameters associated with the two R bits of the 
core vector require a multi-level table lookup capability with 
the LAID instruction. This is achieved with the following sec- 
tion of code in the DTMF subroutine: 


LD B,#R1 
LUP; X A, [B] 
LD A,[B,] 
LAID 
x A, [B+] 
DEC OA 
IFBNE #4 
JP LUP 
100k 
DTMFI 
LO BAND 
s 
47k 
DTMF2 
HI BAND 


2 PWM Outputs: 
' + High Band 
1 Low Band 
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This program loads the F frequency vector into R1, and then 
decrements the vector each time around the loop.. The vec- 
tor is successively moved with the exchange commands 
from R1 to R2 to R3 as one of the same exchange com- 
mands loads the data from the ROM table into R1, R2, and 
R3. This successive decrementation of the F vector chang- 
es the F vector into the Q vector, and then changes the Q 
vector into the R vector. These vectors are used to access 
the ROM table with the LAID instruction. The B pointer is 
incremented each time around the loop after it has been 
used to store away the three selected ROM table parame- 
ters (one per loop). These three parameters are stored in 
sequential RAM locations R1, R2, and R3. The IFBNE test 
instruction is used to skip out of the loop once the three 
selected ROM table parameters have been accessed and 
stored away. 


The timer is initialized to a count of 15 so that the first timer 
underflow and toggling of the G3 output bit (with timer PWM 
mode and G3 toggle output selected) will occur at the same 
time as the first toggling of the G2 output bit. The half period 
counts for the high band frequencies minus one are stored 
in the timer section of the ROM table. The selected value 
from this frequency ROM table is stored in the timer autore- 
load register. The timer is selected for PWM output mode 
and started with the instruction LD [B],4#0BO where the B 
pointer is selecting the CNTRL register at memory location 
OEE. 


This first DTIMF generation subroutine for the COP820C/ 
840C uses 94 bytes of code, consisting of 78 bytes of pro- 
gram code and 16 bytes of ROM table. A program test rou- 
tine to sequentially call the DTIMFGP subroutine for each of 
the 16 keyboard input digits is supplied with the listing for 
the DTMF35 program. This test routine uses a 16 byte ROM 
table to supply the low true encoded column/row keyboard 
input to the accumulator. An input from the 10 input pin of 
the | port is used to select which DTMF generation subrou- 
tine is to be used. The DTMFGP subroutine is selected with 
10 = 0. 

A TYPICAL OP AMP CONFIGURATION FOR MIXING THE 
TWO DTMF PWM OUTPUTS IS SHOWN IN FIGURE 3. 


* DIFFERENT VALUES TO COMPENSATE. 
FOR 2dB OFFSET 






DIMF OUT 


FIGURE 3. Typical Op Amp Configuration for Mixing DTMF PWM Outputs 
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DTMF GENERATION USING A RESISTOR LADDER 
NETWORK 


The second DTMF generation method (using the DTMFLP 
subroutine) generates and combines values from two table 
lookups simulating the two selected sine waves. The high 
band frequency table values have a higher base line value 
(16 versus 13) than the low band frequency table values. 
This higher bias for the high frequency values is necessary 
to satisfy the DTMF requirement that the high band DTMF 
frequencies need a value 2 dB greater than the low band 
DTMF frequencies to compensate for losses in transmis- 
sion. 


The resultant value from arithmetically combining the table 
lookup low band and high band frequency values is output 
on pins LO to L5 of the L port in order to feed into a six input 
external resistor ladder network. The resultant value is up- 
dated every 11714 ps (one cycle of the LUP42 program 
loop). The LUP42 program loop contains 42 instruction cy- 
cles (tc’s) of 2.7936511 ws each for a total loop time of 
11714 ps. The COP820C/840C timer is used to count out 
the 100 ms DTMF duration time. 


An interrupt from the timer terminates the 100 ms DTMF 
output. Note that the Stack Pointer (SP) must be adjusted 
following the timer interrupt ‘before returning from the 
DTMFLP subroutine. 


The DTMFLP subroutine starts by quadrupling the value of 
the DTMF hex digit value in the accumulator, and then add- 
ing an offset value to reach the first value in the telephone 
key table. The telephone key ROM table contains four val- 
ues associated with each of the 16 DTMF hex keys. These 
four values represent the low and high frequency table sizes 
and table starting addresses associated with the pair of fre- 
quencies (one low band, one high band) associated with 
each DTMF key. The FRLUP section of the program loads 
the four associated telephone key table values from the 
ROM table into the registers LFTBSZ (Low Freq Table 
Size), LFTADR (Low Freq Table Address), HFTBSZ (High 
Freq Table Size), and HFTADR (High Freq Table Address). 
The program then initializes the timer and autoreload regis- 
ter, starts the timer, and then jumps to LUP42. Note that the 
timer value in tc’s is 100 ms plus one LUP42 time, since the 
initial DTMF output is not until the end of the LUP42 pro- 
gram. 


Multiples of the magic number 118 BS (approximately) are — 


close approximations to all eight of the DTMF frequencies. 
The LUP42 program uses 42 instruction cycles (of 
2.7936511 js each) to yield a LUP42 time of 1171 ps. The 
purpose of the LUP42 program is to update the six L port 
outputs by accessing and then combining the next set of 


values from the selected low band and high band sine wave 
frequency tables in the ROM. The. ROM table offset fre- 
quency pointers (LFPTR and HFPTR) must increment each 
time and then wrap around from top to bottom of the two 
selected ROM tables. The ROM table size parameters 
(LFTBSZ and HFTBSZ) for the selected frequencies: are 
tested during each LUP42 to determine if the wrap around 
from ROM table top to bottom is necessary. The wrap 
around is implemented by clearing the frequency pointer in 
question. Note that the ROM tables are mapped from a ref- 
erence of 0 to table size minus one, so that the table size is 
used in a direct comparison with the frequency offset point- 
er to test for the need for a wrap around. Also note that the 
offset pointer incremented value is used during the following 
LUP42 cycle, while the pre-incremented vaiue of the pointer 
is used during the current cycle. However, it is the incre- 
mented value that is tested versus the table size for the 
need to wrap around. 


After the low band and high band ROM table sine wave 
frequency values are accessed in each cycle of the LUP42 
program, they are added together and then output to pins 
LO-L5 of the L port. As stated previously, the low band 
frequency values have a lower bias than the high band fre- 
quency values to compensate for the required 2 dB offset. 
Specifically, the base line and maximum values for the low 
frequency values are 13 and 26 respectively, while the base 
line and maximum values for the high frequency values are 
16 and 32 respectively. Thus the combined base line value 
is 29, while the combined maximum value is 58. This gives a 
range of values on the L port output (LO-L5) from 0 to 58. 


The minimum time necessary for the LUP42 update pro- 
gram loop is 36 instruction cycles including the jump back to 
the start of the loop. Consequently, two LAID instructions 
are inserted just prior to the jump back instruction at the end 
of LUP42 to supply the six extra NOP instruction cycles 
needed to increase the LUP42 instruction cycles from 36 .to 
42. A three cycle LAID instruction can always be used to 
simulate three single cycle NOP instructions if the accumu- 
lator data is not needed. 


Table V shows the multiple LUP42 approximation to the 
eight DTMF frequencies, including the number of sine wave 
cycles and data points in the approximation. As an example, 
three cycles of a sine wave with a total of 19 data points 
across the three cycles is used to approximate the 1336 Hz 
DTMF frequency. The 19 cycles of LUP42 times the LUP42 
time of 11714 ps is divided into the three cycles to yield a 
value of 1345.69 Hz. This gives an error of +0.73% when 
compared with the DTMF value of 1336 Hz. This is well 
within the 1.5% North American DTMF error range. 


TABLE V. DTMF Frequency Approximation Table 


DTMF # of Sine # of Data 
Freq. Wave Cycles Points 
697 4 49 
770 11 
852 10 
941 9 
1209 7 
1336 19 
1477 23 
1633 21 
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Approx. 
Freq. 
= 695.73 
= 774.79 
= 852.27 
= 946.97 
= 1217.53 
1345.69" 
= 1482.21 
= 1623.38 


Calculation % Error 


4/(49 x 11744) 
1/(41 x 11714) 
1/(40 x 11714) 
1/(9x 1174) 
1/(7 x 117%) 
3/(19 x 11744) 
4/(23 x 11744) 
4/(21 x 1174) 


—0.18 
+0.62 
+0.03 
+0.63 
+0.71 
+0.73 
+0.35 
—0.59 
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The frequency approximation is equal to the number of cy- 
cles of sine wave divided by the time in the total number of 
LUP42 cycles before the ROM table repeats. 


The values in the DTMF sine wave ROM tables are calculat- 
ed by computing the sine value at the appropriate points, 
scaling the sine value up to the base line value, and then 
adding the result to the base line value. The following exam- 
ple will help to clarify this calculation. - ; 


Consider, the three cycles of sine wave across 19 data 
points for the 1336 Hz high band frequency. The first value 
in the table is the base line value of 16. With 27 radians per 
sine wave cycle, the succeeding values in the table repre- 
sent the sine values of 1 X (677/19), 2 X (677/19), 3 X 
(677/19), ... , up to 18 < (67/19). Consider the seventh 
and eighth values in the table, representing the sine values 
of 6 X.(67r/19) and 7. X (677/19) respectively. The respec- 
tive calculatons of 16 x sin[6 x (67/19)] and 16 x sin[7 
X (67/19)] yield values of —5.20 and 9.83. Rounding to 
the nearest integer gives values of —5 and 10. When added 
to the base line value of 16, these values yield the results 11 
and 26 for the seventh and eighth values in the 1336 Hz 
DTMF ROM table. Symmetry in the loop of 19 values in the 
DTMF table dictates that the fourteenth and thirteenth val- 
ues in the table are 21 and ‘6, representing values of 5 and 
—10 from the calculations. 


The area under a half cycle of sine wave relative to the area 
of the surrounding rectangle is 2/77, where 7 radians repre- 
sent the sine wave half cycle. This surrounding rectangle 
has a length of a and a height of 1, with the height repre- 
senting the maximum sine value. Consequently, the area of 
the surrounding rectangle is zr. The integral of the area un- 
der the half sine wave from 0 to zr is equal to 2. The ratio of 
2/7 is equal to 63.66%, so that the total of the values for 
each half sine wave should approximate 63.66% of the sum 
of the max values. The maximum values (relative to the 
base line) are 13 and 16 respectively for the low and high 
band DTMF frequencies. 


For the previous 1336 Hz example, the total of the absolute 
values for the 19 sine values from the 1336 Hz ROM 
DTMF Sum of 
Freq. Malues | 
697 Hz 406 
~ 770 Hz 92 
852Hz | 82 
941 Hz 74 
1209Hz 72 
1336 Hz 
1477 Hz 
1633 Hz 


Rectangle " 

Area 
49x13 = 637 
11x13 = 143 
10x13 = 130 
9x13 = 117 
7x16 = 112 
19x16 = 304 
23x16 = 368 

21x16 = 336 — 
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table is equal to. 196. The surrounding rectangle for the 
three cycles of sine wave is 19 by 16 for a total area of 304. 
The ratio of 196/304 is 64.47% compared with the 2/7 
ratio of 63.66%. Thus the sine wave approximation gives an 
area abundance of 0.81% (equal to 64.47 — 63.66). 


An application of the sine wave area criteria is shown in the 
generation of the DTMF 852 Hz frequency. The ten sine 
values calculated are 0, 7.64, 12.36, 12.36, 7.64, 0, —7.64, 
—12.36, —12.36, and —7.64. Rounding off to the nearest 
integer yields values of 0, 8, 12, 12, 8, 0, -8, —12, —12 
and —8. The total of these values (absolute numbers) is 80, 
while the area of the surrounding rectangle is 130 (10 x 13). 
The ratio of 80/130 is 61.54% compared with the 2/7r ratio 
of 63.66%. Thus the sine wave approximation gives an area 
deficiency of 2.12% (equal to 63.66 — 61.54), which is over- 
ly deficient. Consequently, two of the ten sine values are 
augmented to yield sine values of 0, 8, 12, 13%, 8, 0, —8, 
—12, —13*, and —8. This gives an absolute total of 82 and 
a ratio of 82/130, which equals 63.08% and serves as a 
much better approximation to the 2/7 ratio of 63.66%. 
The sine wave area criteria is also used to modify two val- 
ues in the DTMF 941 Hz frequency. The nine sine values 
calculated are 0, 8.36, 12.80, 11.26, 4.45, —4.45, —11.26, 
—12.80, and —8.36. Rounding off to the nearest integer 
yields values of 0, 8, 13, 11,4, —4, —11,—13, and —8. The 
total of these values (absolute numbers) is 72, while the 
area of the surrounding rectangle is 117 (9 x 13). The ratio 
of 72/117 is.61.54% compared to the 2/7r ratio of 63.66%. 
Thus the sine wave approximation gives an area deficiency 
of 2.12% (equal to 63.66 — 61.54),which is overly deficient. 
Rounding up the two values of 4.45 and — 4.45 to 5 and —5, 
rather than down to 4 and —4, yields values of 0, 8, 13, 11, 
5, —5, -11, —13 and —8. This gives an absolute total of 
74 and a ratio of 74/117, which equals 63.25% and serves 
as a much better approximation to the 2/7 ratio of 63.66%. 
With these modified values for the 852 and 941 DTMF fre- 
quencies, the area criteria ratio of 2/7 = 63.66% for the 
sine wave compared to the. surrounding rectangle has the 
following values: 


~ Diff. © 


+0.08% 
+0.68% 
-0.58% | 
-0.41% 
+0.63% 
+0.81% 
—0.62% 
+0.63% 


Percentage 


63.74% 
64.34% 
63.08% 

63.25% 
64.29% - 
64.47% 
63.04% 
64.29% 





The LUP42 program loop is interrupted by the COP820C/ 
840C timer after 100 ms of DTMF output. As stated previ- 
ously, the Stack Pointer (SP) must be adjusted (incremented 
by 2) following the timer interrupt before returning from the 
DTMFLP subroutine. 

This second DTMF generation subroutine for the 
COP820C/840C uses 301 bytes of code, consisting of 88 
bytes of program code and 213 bytes of ROM table. The 
following is a summary of the DTMFLP subroutine code allo- 
cation. 


DTMFLP Code # of 
Allocation. Bytes 

1. Subroutine Header Code 42 
2. Interrupt Code 16 
3. LUP42 Code 30 
4. Telephone Key Table 64 
5. Sine Value Tables 149 


Total 301 


A program test routine to sequentially call the DTMFLP sub- 
routine for each of the 16 DTMF keyboard input digits is 
supplied with the listing for the DTMF35 program. This test 
routine uses a 16 byte ROM table to supply the low true 
encoded column/row keyboard input to the accumulator. An 
input from the I0 pin of the | port is used to select which 
DTMF generation subroutine is to be used. The DTMFLP 
subroutine is selected with lO = 1. 


A TYPICAL RESISTOR LADDER NETWORK IS SHOWN IN 
FIGURE 4. mos 


DIMF6 


DTMFS 


6 SINE WAVE OUTPUTS 


SUMMARY 


In. summary, the DTMF35 program assumes a COP820C/ 
840C clocked with a 3.58 MHz crystal in divide by 10 mode. 
The DTMF35 program contains three subroutines, 
KBRDEC, DTMFGP, and DTMFLP. The KBRDEC subrou- 
tine is a low true DTMF keyboard decoder, while the 
DTMFGP and DTMFLP subroutines represent the alterna- 
tive methods of DTMF generation. 


The KBRDEC subroutine provides a low true decoding of 
the DTMF keyboard input and assumes that the keyboard 
input has been encoded in a low true column/row format, 
with the columns of the keyboard being sequentially 
strobed. 


The DTMFGP subroutine produces two PWM (Pulse Width 
Modulation) outputs (representing the selected high and low 
band DTMF frequencies) for combination with an external 
op amp network (LM324 or equivalent). 


The DTMFLP subroutine produces six bits of combined high 
band and low band DTMF frequency output for combination 
in an external resistor ladder network. This output repre- 
sents a combined sine wave simulation of the two selected 
DTMF frequencies by combining values from two selected 
ROM tables, and updating these values every 118 ps. 


‘The three DTMF35 subroutines contain the following num- 


ber of bytes of program and ROM table memory: 


# of Bytes # of Bytes Total # 
ofProgram ofROMTable of Bytes 
KBRDEC 19 16 35 
DTMFGP _ 78 16 94 
DTMFLP 88 213 301 


Subroutine 


DTMF OUT 
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FIGURE 4. Typical Resistor Ladder Network 
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‘DTMP GENERATION WITH A 3.58 MHZ VERNE H. WILSON -:- 


CRYSTAL FOR COP8&20C/840C _ 10/28/89 


DIME - DUAL TONE MULTIPLE FREQUENCY 


PROGRAM NAME: DTMF35. MAC 
TITLE DTMF35 
.CHIP. 640 


THIS DTMF PROGRAM IS BASED ON A COP820C/840C RUNNING 
WITH A CKI CLOCK OF 3.579545 MHZ (TV COLOR CRYSTAL 


- FREQUENCY) IN DIVIDE BY -10 MODE, FOR AN INSTRUCTION. - 


CYCLE TIME OF 2.7936511 MICROSECONDS. 


THIS PROGRAM CONTAINS THREE SUBROUTINES, ONE FOR A 
LOW TRUE ROW/COLUMN DTMF KEYBOARD DECODING (KBRDEC), 
AND THE OTHER TWO (DTMFGP, DTMFLP) FOR ALTERNATE 
METHODS OF DTMF GENERATION. 


KEYBOARD INPUT DATA IS IN ACCUMULATOR wate A 
LOW TRUE FORMAT AS FOLLOWS: 
BITS 7 TO 4 : LOW TRUE COLUMN VALUE (E,D,B,7) 
BITS 3 TO 0 : LOW TRUE ROW VALUE (E,D,B,7) © 


ASSUMPTION MADE THAT COLUMN STROBES (Low TRUE) ARE 
OUTPUT, WHILE ROW VALUES (LOW TRUE) ARE INPUT. 


THE FIRST METHOD OF DTMF GENERATION CONSISTS OF 
GENERATING TWO PWM OUTPUTS ON THE G PORT G2 AND G3 
OUTPUT PINS. THESE TWO OUTPUTS NEED TO BE MIXED 
EXTERNALLY WITH AN APPROPIATE LM324 OP AMP FEEDBACK 
CIRCUIT TO GENERATE THE DTMF. 


THE SECOND METHOD OF DTMF GENERATION USES ROM LOOKUP 


“TABLES TO SIMULATE THE TWO DTMF SINE WAVES AND 


COMBINES THEM ARITHMETICALLY. THE RESULT IS OUTPUT ON 
THE LOWER SIX BITS OF THE L PORT (LO - L5). THESE SIX 
OUTPUTS ARE COMBINED EXTERNALLY WITH A LADDER NETWORK 
TO GENERATE THE DTMF. 


THE SECOND DTMF GENERATION METHOD USES APPROXIMATELY 
THREE TIMES AS MUCH ROM CODE (INCLUDING PROGRAM CODE 
AND ROM TABLES) AS THE FIRST METHOD, BUT HAS THE 
ADVANTAGE OF ELIMINATING THE COST OF THE EXTERNAL 
ACTIVE COMPONENT (LM324 OR EQUIVALENT). 


BOTH OF THE DTMF SUBROUTINES GENERATE THEIR OUTPUTS 
FOR A PERIOD OF 100 MILLISECONDS. 


TL/DD/10740-1 
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DECLARATIONS: 


KDATA 
PORTLD 
PORTLC 
PORTGD 
~ PORTGC 
PORTI 
PORTD 
TMRLO 
TMRHI 
TAULO 
TAUHI 
CNTRL 
‘ PSW 
RO 

Rl 

R2 

R3 


bv bon wt om th tN ow wo 


0 
ODO 
oDl 
OD4 
ops” 
OD7 
opc 
OEA 
OEB 
OEC 
OED 
OEE 
OEF 
OFO 
OF1 
OF2 
OF3 


SP,#02F 


B,#PORTD 
[B],#0 


A,(B] 
A,#5 - 
A,{B] 
4,(B] 
A,#020 


‘ KBRDEC 


B,#PORTI 
0, (BJ 
BYPA 
DTMFGP 
BYPB 
DTMFLP 


B,#PORTD 
LOOP 
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xx* KEYBOARD DATA *** 

; PORTL DATA REG 

; PORTL CONFIG REG 

; PORTG DATA REG 

; PORTG CONFIG REG 

; PORTI INPUT PINS 
PORTD REG 
TIMER LOW COUNTER 
TIMER HIGH COUNTER 
TMR AUTORELOAD REG LO: 
TMR AUTORELOAD REG HI 
CONTROL REG =": 
PROC STATUS WORD 

; LB FREQ LOOP COUNTER 
LB FREQ LOOP COUNT 
LB FREQ Q COUNT 

; LB FREQ R COUNT 


; INITIALIZE STACK PTR 


DIGIT MATRIX . 

1 3 

4 6 

7 9 

me it 
DTMF TEST LOOP 
SEQUENCE IS 1,5,9,D,4, 


; 8,%,A,7,0,3,B,*,2,6,C 


HEX MATRIX TO LOOKUP 
TABLE FOR LOW TRUE 
COLUMN/ROW INPUT TO 
KBRDEC SUBROUTINE 

SET C IF NOT SINGLE KEY 


TEST BIT O OF PORTI TO 


DETERMINE WHICH 
DTMF SUBROUTIINE 
TWO PWM OUTPUTS ON 
G PORT PINS G2,G3 
LADDER OUTPUTS ON 
L PORT PINS LO - LS 
DO WILL TOGGLE FOR EACH 
CALL OF SUBROUTINE 


SIX 
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. FORM 
KEYBOARD DIGIT MATRIX TABLE 
. = 020 


’ 1 5 9 D 4 8 # A 
-BYTE . OEE,ODD,0OBB,077,0ED,0DB,0B7 ,07E 


. 7. 0 3 B bal 2 6 Cc 
- BYTE OEB,0OD7,0BE,07D,0E7, ODE, OBD ,O7B 


_FIRST DTMF SUBROUTINE (DTMFGP) PRODUCES TWO PWM 


(PULSE WIDTH MODULATION) OUTPUTS ON PINS G3, G2: 


G PORT IS USED FOR THE TWO OUTPUTS 
<= HIGH. BAND (HB) FREQUENCY OUTPUT ON G3 
= LOW BAND (LB) FREQUENCY OUTPUT ON G2 


TIMER COUNTS OUT 
- HB FREQUENCIES 


PROGRAM COUNTS OUT 
? LB FREQUENCIES ; 
- 100 MSEC DIVIDED BY LB HALF PERIOD QUOTIENT 
. 100 MSEC DIVIDED BY LB HALF PERIOD REMAINDER 


‘NOTE THAT ALL COUNTS MUST BE NORMALIZED TO THE 


2.7936511 MICROSECOND INSTRUCTION CYCLE Tc 


100 MSEC REPRESENTS 35796 Tc's 
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HALF PERIODS FOR THE 8 DTMF FREQUENCIES (697,770,852, 


941,1209,1336,1477, AND 1633 KHZ) ARE 257,232, 
210,190,148,134,121, AND 110 Tc's RESPECTIVELY 


THE 100 MSEC DIVIDED BY HALF PERIOD QUOTIENTS ARE 
139,154,170,188,241,267,295, AND 325 RESPECTIVELY 


THE 100 MSEC DIVIDED BY HALF PERIOD REMAINDERS ARE 
72,67,95,75,127,17,100, AND 45 RESPECTIVELY 


BINARY FORMAT FOR THE HEX DIGIT KEY VALUE FROM THE 
KBRDEC SUBROUTINE IS OOOORRCC, 
WHERE - RR IS ROW SELECT (LB FREQUENCIES) 
- CC IS COLUMN SELECT (HB FREQUENCIES) 


FREQUENCY VECTORS (HB & LB) FOR FREQ PARAMETER TABLE 
MADE FROM KEY VALUE 


HB FREQ VECTORS (4) END WITH 00 FOR TIMER SOUets: 
WHERE VECTOR FORMAT IS 0011CC00 : 


LB FREQUENCY VECTORS (12) END WITH: 
11 FOR HALF PERIOD LOOP COUNTS, 
WHERE VECTOR FORMAT IS 0011RR11 
10 FOR 100 MSEC DIVIDED BY HALF PERIOD QUOTIENTS, 
WHERE VECTOR FORMAT IS 0011RR10 
01 FOR 100 MSEC DIVIDED BY HALF PERIOD REMAINDERS, 
WHERE VECTOR FORMAT IS 0011RR01 


FREQ PARAMETER TABLE AT HEX 003* (REQUIRED LOCATION) 


KEY VALUE. 
‘OOOORRCC’ 


Ccoo | 
RR11 


RR10 
RRO1- 


* TL/DD/10740-4 


3-55 





AN-666 


- FORM 


FREQUENCY AND 100 MSEC PARAMETER TABLE 


TMFGP: - 


- BYTE 
. BYTE 
- BYTE 
- BYTE 


- BYTE) 


BYTE 
.- BYTE 
BYTE 
- BYTE 


* . BYTE 
- . BYTE 


- BYTE 
- BYTE 
- BYTE 
- BYTE 


LD. 
LD 


x 


» LD 


OR 
LD. 
X 


' LD 


'.BYTE'- 


-RBIT - 
‘RBIT 
‘LD. * 


147 
10. . 
140 
38 
133 © 
9 
155 
33 
120 
14 
171 
31 
109 
‘10 
189 


' 26 


B,#PORTGC 
[B-],#03F 


3,(B] 


2,(B) 
B, #KDATA 


- ALTBY 


A,(B) 
A, #033 


 =B,@R1 
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A,[B) 
A,{B] 


A, (B+) 
A 
#4 


-LUP 


B,#KDATA 
A,(B] 

A 

A 

A 

A,#030 
B,#TMRLO 


(B+),#15 
{B+],#0 


we we te te 


we te we se 


we we te te 


MOWMAINODANODWANO Ds 


CONFIGURE G PORT 
FOR OUTPUTS 
OPTIONAL HB RESET 
OPTIONAL LB RESET 


STORE KEY VALUE 

KEY VALUE TO ACC 

CREATE LB FREQ VECTOR 
FROM KEY VALUE 


THREE PARAMETERS 
FROM LOW BAND 
FREQ ROM TABLE 
TO R1,R2,R3 


KEY VALUE TO ACC 
CREATE HB FREQ VECTOR 
FROM KEY VALUE 


HB FREQ TABLE 
(1 PARAMETER) 
INSTRUCTION CYCLE 
TIME UNTIL TOGGLE 
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A2 
9A00 
9EBO 
DED4 
DCF]l 
BB 
72 
03 
B2 
TA 
03 
B8& 
6A 
B2 
c2 
Ol 
OE 
co 
FE 


BE 
921F 
EE 
BS 
BS 
9226 
Eo 
A4 
BB 
E6 
c3 
FE 


BDEE6C 


6B 
6A 
8E 


A, (B+) 
[B+], #0 
[B] ,#0B0 
B, #PORTGD 
X,#R1 

A, {X-] 
2,[B] 
BYP1l 
A,(X+] 
2,(B] 
BYP2 


2,[B] 
A, [X+] 
R2 
LUP2 
FINI 
RO 
LUP2 


“A, {X] 


A,#31 


‘LUP1 


A,#38 
LUP1 


LUP1 
R3 
FINI 


- 4,CNTRL 
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3,(B] 
2,(B] 


HB FREQ PARAMETER TO 
AUTORELOAD REGISTER 
START TIMER PWM 


TEST LB OUTPUT 
SET LB OUTPUT 


‘RESET LB OUTPUT 


DECR. QUOT. COUNT 


; -Q COUNT FINISHED 
; DECR. F COUNT 
‘LB (HALF PERIOD) 


REERRKRARAK KEEN 
BALANCE aKR 
LOW BAND RRR 
FREQUENCY KR 
RESIDUE KKK 
DELAY FOR Salad 
EACH OF THE RRE 
; FOUR LOW BAND *%# 
; FREQUENCIES RaR 
RERERRARRKERE ERR EK 


DECR. REMAINDER COUNT 


; REM. COUNT NOT FINISHED 


STOP TIMER 

OPTIONAL CLR HB OUTPUT 
OPTIONAL CLR LB OUTPUT 
RETURN FROM SUBROUTINE 
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- FORM 


SECOND DTMF SUBROUTINE (DTMFLP) PRODUCES SIX 
COMBINED LOW BAND AND HIGH BAND FREQUENCY 
SINE WAVE OUTPUTS ON PINS LO - L5 


SIX L. PORT OUTPUTS (LO - L5) FEED INTO AN EXTERNAL 
RESISTOR LADDER NETWORK TO CREATE THE DTMF OUTPUT. 


-FOUR VALUES FROM A KEYBOARD ROM TABLE ARE LOADED. 


INTO LFTBSZ (LOW FREQ TABLE SIZE), LFTADR (LOW 
FREQ TABLE ADDRESS), HFTBSZ (HIGH FREQ TABLE SIZE), 
AND HFTADR (HIGH FREQ TABLE ADDRESS). 


LUP42 USES THE LFPTR (LOW FREQ POINTER) AND HFPTR 

(HIGH FREQ POINTER) TO ACCESS THE SINE DATA TABLES 
FOR THE SELECTED FREQUENCIES ONCE PER LOOP. THESE 

POINTERS ARE. BOTH INCREMENTED ONCE PER LUP42. 


LUP42 PROGRAM LOOP UPDATES THE OUTPUT VALUE EVERY 
117 1/3 uSEC BY SELECTING AND THEN COMBINING NEW 
VALUES FROM THE SELECTED LOW BAND AND HIGH BAND 
FREQUENCY ROM TABLES WHICH SIMULATE THE SINE WAVES 
FOR THE TWO FREQUENCIES. 


MULTIPLES OF THE MAGIC NUMBER OF APPROXIMATELY 
118 uSEC ARE CLOSE APPROXIMATIONS TO ALL EIGHT OF 


THE DTMF FREQUENCIES. 


COP820C/840C TIMER USED TO INTERRUPT THE DTMF LUP42 . 
PROGRAM LOOP AFTER 100 MSEC TO FINISH THE DTMF 
OUTPUT AND RETURN FROM THE DTMFLP SUBROUTINE. NOTE 
THAT THE STACK POINTER (SP) MUST BE ADJUSTED AFTER 
THE INTERRUPT BEFORE RETURNING FROM THE SUBROUTINE. 


DECLARATIONS: 


LOW FREQ POINTER 

TEMPORARY 

HIGH FREQ POINTER 
; LO FREQ TABLE SIZE 
; LO FREQ TABLE ADDR 

HI FREQ TABLE SIZE 

HI FREQ TABLE ADDR 


LFPTR 
TEMP 
HFPTR 
LFTBSZ 
LFTADR 
HFTBSZ 
HFTADR 


TRUN 
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BCDIFF 
BCDO1D 
BCO500 
58 
9A00 


DTHMFLP: 


PORTLC ,#OFF 
PORTLD, #29 
LFPTR, #0 
B,wHEPTR 
[B+], #0 


A 
A 

A 

A, #0B8 
A,(B) 
A,(B} 


A, (Bt) 

A 

HOC 

FRLUP 
B,#TMRLO 
[B+], #0 
(B+],#140 
[B+],#0 
[B+] ,#140 
(B+), #080 
[B-],#011 
TRUN,{B) 
LUP42 


TELEPHONE KEY TABLE: 


TABLE FORMAT: 
PARANETER 
PARAMETER 
PARANETER 
PARAMETER 


we Be we we Ne We we Me Me Be we BH we He Be Be He SH Be Be we BH Be Me he 


INITIALIZE PORT L 
“FOR NO TONE OUT 
INITIALIZE OFFSET 
POINTERS FOR 
DTMF SINE WAVE 
TABLE LOOKUP 
QUADRUPLE KEY 
VALUE AND ADD 
OFFSET FOR KEY 
TABLE LOOKUP 
LOAD FOUR VALUES 
FROM ROM KEY 
TABLE INTO LOW 
FREQ LFTBSZ, 
LFTADR, AND HI 
FREQ HFTBSZ,,. 
HFTADR 
INITIALIZE TIMER 
WITH A tC COUNT 
EQUIVALENT TO 
100 MSEC PLUS 
A LUP42 TIME 
TIMER PWM, NO OUT 
ENABLE TMR INTRPT 
START TIMER 


# OF LOW FREQ TABLE VALUES 
BASE ADDR. OF LOW FREQ VALUES 
#% OF HIGH FREQ TABLE VALUES 
BASE ADDR. OF HIGH FREQ VALUES 
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- BYTE 49,02D,7,07C 


49,02D,19,083 


TL/DD/10740-8 





3-59 


AN-666 


3-60 


49,02D,23,096 


49,02D,21,0AD 


11,05E,7,07C 


11,05E,19,083 


11,05E,23,096 


11,05E,21,0AD 


10,069,7,07C 


10,069,19,083 


10,069,23,096 
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OOFF 


BCDOLD INTRPT: 
DEEF 

9B00 

9E00 

DEFD 

AE 

8A 

8A 

A6 

8E 


3-61 


10,069,21,0AD 


9,073,7,083 


9,073,19,07C 


9,073,23,096 


9,073,21,0AD 


PORTLD, #29 
B,#PSW 
(B-}, #0 
{B] ,#0 
B,#SP 

A, {BJ 

A 

A 

A,(B) 


BASE LINE VALUE 

100 MSEC INTERRUPT 
FROM TIMER 

CLR PSW AND CNTRL 

RESTORE STACK 
POINTER (SP) 
TO ITS VALUE 
BEFORE THE 
INTERRUPT 

RETURN FROM 
SUBROUTINE 
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- FORM 


LUP42 CONSISTS OF 42 COP840C INSTRUCTION CYCLE TIMES 
LUP42 TIMING LOOP IS 42 / 0.3579545 = 117 1/3 USEC 


[hse we we we we 


UP42: LD B,#LFPTR 


LD 
INC 
LD 


IFEQ © 


CLR 
LD 

x 

LD 
ADD 
: LAID 
LD 

X 

LD 
INC 
LD 
IFEQ 
CLR 
LD 

x 

LD 
ADD 
LAID 
LD 
ADD 
x 
LAID 
LAID 
JP 


A,[B] 

A 
B,#LFTBSZ 
A, (B] 

A 
B,#LFPTR 
A,(B) 
B,#LFTADR 
A, {B] 


B,#TEMP 
A, (B+) 
A,(B] 

A 


B,#HFTBSZ 
A,(B} 
A 


B,#HFPTR 
A,{B] 


B,#HFTADR 


A, {BJ 

B, #TEMP 
A,[B] 
A,PORTLD 


LUP42 


we we me Be we te 


we me Se ae 


INCREMENT LOW FREQ 
OFFSET POINTER 

TEST IF LFPTR 
BEYOND LIMIT 

REINITIALIZE LFPTR 
FOR NEXT TIME 


ADD PTR TO LO FREQ 
TABLE ADDRESS 
LOW FREQ COMPONENT 
RESULT TO TEMP  ~ 


INCREMENT HI FREQ. 
OFFSET POINTER 

TEST IF HFPTR 
BEYOND LIMIT. 

REINITIALIZE HFPTR 
FOR NEXT TIME: - 


ADD PTR TO HI FREQ 
TABLE ADDRESS 
HI FREQ COMPONENT: 


ADD LOW FREQ VALUE 


TO HI FREQ VALUE 
RESULT TO PORT L 
EQUIVALENT OF 

SIX NOP'S 
TIMING LOOP OF 
117 1/3 uSEC 
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THE FREQUENCY APPROXIMATION IS EQUAL TO THE NUMBER OF 
CYCLES OF SINE WAVE DIVIDED BY THE TIME IN THE TOTAL 
NUMBER OF LUP42 CYCLES BEFORE THE REPETITION OF THE 
ROM TABLE. AS AN EXAMPLE, CONSIDER THE THREE CYCLES 
OF SINE WAVE AND 19 VALUES IN THE ASSOCIATED 1336 HZ 
ROM TABLE. THE 19 CYCLES OF LUP42 TIMES THE LUP42 
TIME OF 117 1/3 uSEC IS DIVIDED INTO THE THREE CYCLES 
OF SINE WAVE TO YIELD A VALUE OF 1345.69 HZ AS THE 
1336 HZ APPROXIMATION. 


THE VALUES IN THE ROM TABLES FOR THE DTMF SINE WAVES 
SHOULD WRAP AROUND END TO END IN EITHER DIRECTION TO 
FORM A SYMETRICAL LOOP. THE FIRST VALUE IN THE ROM 
TABLE REPRESENTS THE BASE LINE FOR THAT FREQUENCY. 


‘THE HIGH BAND DTMF FREQUENCIES HAVE A BASE LINE VALUE 


OF 16 AND A MAXIMUM VALUE OF 32. THE LOW BAND DTMF 
FREQUENCIES HAVE A BASE LINE VALUE OF 13 AND A 
MAXIMUM VALUE OF 26.. THIS DIFFERENCE IN BASE LINE 
VALUES IS NECESSARY TO SATISFY THE REQUIREMENT OF THE 
HIGH BAND FREQUENCIES NEEDING A LEVEL 2 dB ABOVE THE 
LEVEL OF THE LOW BAND FREQUENCIES TO COMPENSATE FOR 
LOSSES IN TRANSMISSION. THE SUM OF THE TWO BASE LINE 
VALUES YIELDS A BASE LINE VALUE OF 29, WHILE THE SUM 
OF THE TWO MAXIMUM VALUES YIELDS A MAXIMUM VALUE OF 
58. THUS THE SIX BIT. DTMF OUTPUT FROM THE L PORT TO 
THE LADDER NETWORK RANGES FROM O TO 58, WITH A BASE 
LINE VALUE OF 29. 


THE VALUES IN THE DTMF SINE WAVE TABLES ARE 
CALCULATED BY COMPUTING THE SINE VALUE AT THE 
APPROPIATE POINTS, SCALING THE SINE VALUE UP TO THE 
BASE LINE VALUE, AND THEN ADDING THE RESULT TO THE 
BASE LINE VALUE. THE FOLLOWING EXAMPLE WILL HELP TO . 
CLARIFY THIS CALCULATION. 


CONSIDER THE THREE CYCLES OF SINE WAVE ACROSS 19 
DATA POINTS FOR THE 1336 HZ DTMF HIGH BAND FREQUENCY. 
THE FIRST VALUE IN THE TABLE IS THE BASE LINE VALUE 
OF 16. WITH 2 PI RADIANS PER SINE WAVE CYCLE, 

THE SUCCEEDING VALUES IN THE TABLE REPRESENT THE 
SINE VALUES OF 1 X (6 PI / 19), 2 X (6 PI / 19), 

3X (6 PI / 19), .... , UP TO 18 X (6 PI / 19). 
LET US NOW CONSIDER THE SEVENTH AND EIGHTH VALUES 

IN THE TABLE, REPRESENTING THE SINE VALUES OF 

6 X (6 PI / 19) AND 7 X (6 PI / 19) RESPECTIVELY. 

THE CALCULATIONS OF 16 X SIN [6 X (6 PI / 19)]} AND 
16 X SIN (7 X (6 PI / 19)] YIELD VALUES OF - 5.20 AND 
9.83 RESPECTIVELY. ROUNDED TO THE NEAREST INTEGER 
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GIVES VALUES OF - 5 AND 10. WHEN ADDED TO THE BASE 
LINE VALUE OF 16, THESE VALUES YIELD THE RESULTS 

11 AND 26 FOR THE SEVENTH AND EIGHTH VALUES IN THE 
1336 HZ DTMF TABLE. SYMMETRY IN THE LOOP OF 19 VALUES 
IN THE DTMF TABLE DICTATES THAT THE FOURTEENTH AND 
THIRTEENTH VALUES IN THE TABLE ARE 21 AND 6, 
REPRESENTING VALUES OF ‘5 AND - 10 FROM THE 

‘ CALCULATIONS. 


THE AREA UNDER A HALF CYCLE OF SINE WAVE RELATIVE TO 
THE AREA OF THE SURROUNDING RECTANGLE IS 2/PI, WHERE 
PI RADIANS REPRESENT THE SINE WAVE HALF CYCLE. THIS 
SURROUNDING RECTANGLE HAS A LENGTH OF PI AND A HEIGHT 
OF 1, WITH THE HEIGHT REPRESENTING THE MAXIMUM SINE 
VALUE. CONSEQUENTLY, THE AREA OF THIS SURROUNDING 
RECTANGLE IS PI..THE INTEGRAL OF THE AREA UNDER THE 
HALF SINE WAVE FROM O TO PI IS EQUAL TO 2. THE RATIO 
OF 2/PI IS EQUAL TO 63.66 % , SO THAT THE TOTAL OF 
THE VALUES FOR EACH HALF SINE WAVE SHOULD APPROXIMATE 
63.66 % OF THE SUM OF THE MAX VALUES. THE MAXIMUM 
VALUES (RELATIVE TO THE BASE LINE) ARE 13 AND 16 
RESPECTIVELY, FOR THE LOW AND HIGH BAND FREQUENCIES. 


LF697: 4 CYCLES OF SINE WAVE SPREAD 
. .: ACROSS '49 TIMING LOOP (LUP42) CYCLES 


FREQ. = 4 / (49 X¥ 117 1/3) = 695.73 HZ 
ERROR = (697 - 695.73) / 697 = - 0.18 % 


me Se Be we Te we Be Ne Ne Be Se te Be Be Se Be Be we Be we De He Ne Be BO Me HO Ne Me BO we MO we 


. BYTE 13,19,24,26,25,20,14,7,2,0 


BYTE | 1,5,11,18,23,26,25,21,15,9 


TL/DD/10740-13 





3-64 


999-NV 


3,0,1,4,10,16,22,25,26,23 


- BYTE 17,11,5,1,0,3,8,15,21,25 


- BYTE 26,24,19,12,6,1,0,2,7 


LF770: 1 CYCLE OF SINE WAVE SPREAD 
ACROSS 11 TIMING LOOP (LUP42) CYCLES 


FREQ. 1 / (12 X 117 1/3) = 774.79 HZ 
ERROR (774.79 - 770) / 770 = + 0.62 % 


° 
e 
° 
‘ 
e 
’ 
° 
a 
e 
° 
e 
¢ 
° 
’ 
° 
’ 


«BYTE 13,20,25,26,23,17,9,3,0,1 
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LF852: 1 CYCLE OF SINE WAVE SPREAD 
ee ACROSS 10 TIMING LOOP (LUP42) CYCLES 


FREQ. = 1 / (10 X 117 1/3) = 852.27 HZ 
ERROR = (852.27 - 852) / 852 = + 0.03 % 


me Se te Ne Be te we 


- BYTE 13,21,25,26,21,13,5,1,0,5 


LF941; 1 CYCLE OF SINE WAVE SPREAD 
ACROSS 9 TIMING LOOP (LUP42) CYCLES 


FREQ. 1 / (9. X 117 1/3) = 946.97 HZ . 
ERROR (946.97 - 941) / 941 = + 0.63 % 


BYTE 13,21,26,24,18,8,2,0,5 


HF1209: 1 CYCLE OF SINE WAVE SPREAD 
ACROSS 7 TIMING LOOP (LUP42) CYCLES 


FREQ. = 1 / (7 X 117 1/3) = 1217.53 HZ 
ERROR = (1217.53 - 1209) / 1209 = + 0.71 % 


° 
° 
e 
’ 
e 
’ 
° 
a 
. 
o 
. 
? 
. 
e 
° 
’ 
. 
’ 


- BYTE 16,29,32,23,9,0,3 
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HF1336: 3 CYCLES OF SINE WAVE SPREAD 
ACROSS 19 TIMING LOOP (LUP42) CYCLES 


FREQ. 3 / (19 X 117 1/3) = 1345.69 HZ 
ERROR (1345.69 - 1336) / 1336 = + 0.73 % 


- BYTE 16,29,31,19,4,0,11,26,32,24 


» BYTE 8,0,6,21,32,28,13,1,3 


HF1477: 4 CYCLES OF SINE WAVE SPREAD 
ACROSS 23 TIMING LOOP (LUP42) CYCLES 


FREQ. 4 / (23 X 117 1/3) = 1482.21 HZ 
ERROR (1482.21 - 1477) / 1477 = + 0.35 % 


we Se we we Be we we Se 


-BYTE — 16,30,29,14,1,4,20,32,26,10 


0,8,24,32,22,6,0,12,28,31 
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we we we we te te we SO 


HF1633: 


4 CYCLES OF ‘SINE WAVE SPREAD 


ACROSS 21 TIMING LOOP (LUP42) CYCLES. 


FREQ. 4 / (21 X 117 1/3) = 1623.38 HZ. 
ERROR (1633 - 1623.38) / 1633 = - 0.59.% 


- BYTE 16,31,27,9,0,11,29,30,14,0 


» BYTE 7,25,32,18,2,3,21,32,23,5 
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‘DTMF KEYBOARD DECODE SUBROUTINE (KBRDEC) 


. FORN 


999-NV 


KEYBOARD INPUT DATA IS IN ACCUMULATOR WITH A 
LOW TRUE FORMAT AS FOLLOWS: 
BITS 7 TO 4 : LOW TRUE COLUMN VALUE (E,D,B,7)'- 
BITS 3 TO 0 : LOW TRUE ROW VALUE (E,D,B,7) 


ASSUMPTION MADE THAT COLUMN STROBES (LOW TRUE) ARE 
OUTPUT, WHILE ROW VALUES (LOW TRUE) ARE INPUT. 


LOW TRUE COLUMN/ROW INPUT DIGIT IN ACCUMULATOR IS 
TRANSFORMED INTO A DTMF HEX DIGIT KEY VALUE 


TABLE LOOKUP TRANSFORMATION CHECKS FOR MULTIPLE KEYS, 
NO KEY, OR NO COLUMN SELECT, AND THEN PRODUCES 
A DTMF HEX DIGIT KEY VALUE WITH A BINARY FORMAT 
OF OOOORRCC FOR A SINGLE KEY INPUT, 
WHERE - RR IS LOW BAND (LB) FREQUENCY SELECT 
- CC IS HIGH BAND (HB) FREQUENCY SELECT 
KBRDEC SUBROUTINE IS EXITED WITH A RETURN (RET) 
COMMAND TO INDICATE MULTIPLE KEYS, NO KEY, 
OR NO COLUMN SELECT 
KBRDEC SUBROUTINE IS EXITED WITH A RETURN AND SKIP 
(RETSK) COMMAND TO INDICATE A SINGLE KEY ENTRY 
-=0200 
LOW TRUE TRANSLATION TABLE - ONLY E,D,B,7 ACCEPTABLE 


«BYTE 0CO,0C0,0C0,0C0,0C0,0C0,0C0,0C 


«BYTE 0C0,0C0,0C0,8,0C0,4,0,0C0 
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B,#KDATA 
A,(B} 
A,[B] 

A, #0FO 


A 
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we we we Be Se we we Se Me Be He BO BO DO we Be 


STORE LOW TRUE 
COLUMN/ROW VALUE 
EXTRACT LOW TRUE COLUMN 
& PUT IN LOWER NIBBLE 
OO0OCCOO FROM TABLE 
SHIFT TABLE VALUE DOWN 
TWO BITS TO PRODUCE 
o00000CcCc 
STORE RESULT 
EXTRACT LOW TRUE ROW 
OOOORROO FROM TABLE 
ADD TO PRODUCE OOOORRCC 
RETURN IF MULTIPLE KEYS, 
NO KEYS, OR NO COLUMN 
RETURN AND SKIP 
IF SINGLE KEY 
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Be. 
BYPB 
FINI 
HFTBSZ 
LFPTR 
LUP 
PORTD 
PORTLC 
Rl . 
START 
TMRHI 


OOFE 
001B 
0086 
000A 
0005 
004D 


- ooDC 


ooDl 
OOF] 
0000 
OOEB 


BYP1 
CNTRL 
FRLUP 
INTRPT 
LFTADR 
LUP1 
PORTGC 
PORTLD 
R2 
TAUHT 
TMRLO 


BYP2 
DTMFGP 
HFPTR 
KBRDEC 
LFTBSZ 
LUP2. 
PORTGD 
PSW. 
R3 
TAULO 
TRUN 


3-71 


 BYPA 
DTMFLP 


HPTADR 
KDATA 
LOOP 
LUP42 
PORTI 
RO 

SP 
TEMP 

xX 


0019 
008E 
000B 
0000 
0006 
O10F 
00D7 


OOFO. 


OOFD 
0006 
OOFC 
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Low Cost A/D Conversion 
Using COP800 


INTRODUCTION oy ‘ 
Many microcontroller applications require a low cost analog 


to digital conversion. In most cases the controller applica- — 
tions do not need high accuracy and short conversion time. . 


This appnote describes a simple method for performing an- 
alog to digital conversion by reducing external elements and 
costs. 


PRINCIPLE OF A/D CONVERSION 


The principle of the single slope conversion technique is to 
measure the time it takes for the RC network to charge up 
to the threshold level on the port pin, by using Timer T1 in 
the input capture mode. The cycle count obtained in Timer 
T1 can be converted into voltage, either by direct calcula- 
tion or by using a suitable approximation. 

Figure 7 shows the block diagram for the simple A/D con- 
version which measures the temperature. 


BASIC CIRCUIT IMPLEMENTATION 

Usually most applications use a comparator to measure the 
time it takes for a RC network to charge up to the voltage 
level on the comparator input. To reduce cost, it is possible 
to switch both inputs as shown in Figure 2. 

Port G3 is the Timer T1 input. Ports G2/G1 are general 
purpose I/O pins that can be configurated using the !/O 
configurations (push-pull output/tristate). All Port G pins are 
Schmitt Trigger inputs. Ri is required to reduce the dis- 
charge current. 


GENERAL IMPLEMENTATION 


The temperature is measured with a NTC which is linearized 
with a parallel resistor. Using a parallel resistor, a lineariza- 
tion in the range of 100 Kelvin can be reached. The value of 
the resistor can be calculated as follow: 


Rp = Rim * (B — 2Tm)/(B + 2Tm) 
Rtm Value of the NTC at a medium temperature 
Tm Medium Temperature 
B NTC—material constant 


Schmitt trigger input 


16-Bit Timer 
Capture mode 


National Semiconductor 
Application Note 952 


Robert Weiss 


The linearization reduces the code, improves the accuracy 
and the tolerance of the NTC-R network (e.g. NTC = 
100 kX +10%, R = 12 kN +1%, NTC//R +2%). Using 


' that method the useful range does not cover the whole op- 
’ erating temperature range of the NTC. - 


GENERAL ACCURACY CONSIDERATIONS 
Using a single slope A/D conversion the accuracy is depen- 
dent on the following parameters: 

— Stability of the Clock frequency 

— Time constant of the RC network 

— Accuracy of the Schmitt Trigger level 

— Non-linearity of the RC-network 
Figure 3. The maximum failure that appears when a saw- 
tooth is generated without using a current source. In the 
current application the maximum failure would be more than 
15% without using methods for reducing the non-linearities 
of RC-network/NTC-network. 





TL/DD/12075-2 
FIGURE 2. Basic Circuit Impiementation 


The temperature is 
calculated 


Clocked by RC/Crystal 
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FIGURE 1. Simple A/D Conversion 
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Voc 


Uthresh. 


Max. Failure 


TWAX 
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FIGURE 3. Single Slope A/D Conversion 


The maximum error occurs when the gradient of the expo- 
nential function (RC) equals the gradient of the straight line 
(counter). 
To reduce the error that is caused by the non-linearity of the 
RC-network a offset should be added to the calculated val- 
ue. The offset reduce the failure to the middle. 


Further, the accuracy can be improved ‘by using a relative . 


measurement method. The following diagram shows the 
method. as : 


Uner is measured 
- 7 > Reap 


Untc is measured 


“> RNTC/R 


Diff=Roar-Rytc/R 


: Roorr = Rea ~Rea x (Rtmax/Rtmin) 


Slope = Regra/(Tmax-Tmin) 
NTCreyp = Diff/Slope 


FIGURE 4. Accuracy Improvement 
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Measurement: 
-~ Timer Capture mode: Rcat * C is measured . 

_ — Timer Capture mode: Rutcv/p * C is measured 

Calculation: 


— Build the vertical-component (RtyiIn — Rtmax) of the 
triangle 

— Calculate the slope 

— Calculate the actual temperature 
Using this method the accuracy is primarily dependent on 
the accuracy of Rtwin and Rrwax and independent of the 
stability of the system clock, the capacitor and the threshold 
of the Schmitt Trigger level. The variation of the capacitor 
only leads to variation of the resolution. 
The following diagram shows the ideal resistance/tempera- 
ture characteristic of a NTC which is linearized with a paral- 
lel resistor. 


Slope = (Rrwin~Rtwax? 


Tax 
TL/DD/12075-5 
FIGURE 5. Resistance vs Temperature Characteristics 
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APPLICATION EXAMPLE 


The following application example for temperature mea- 
surement demonstrates the procedure. The temperature is 
measured from 20° to 100° and is displayed on a Triplex 
LCD display. 
NTC29 = 100 kN +10% 

Rp = 12kQ +1% 

Tm = 333 Kelvin —> 60 Degrees 
B = 4800 Kelvin 

NTCo9//Rp = 10.7 kX 42% 

RCAL = 10.7kN 41% 

TMIN = 20 Degree 

RTMIN = 10.7 kN 


TMAX = 100 Degree 


9V 
Battery 0.1 uF 


TL/DD/12075-6 


Vee 


~ COP880/888xx 


- Timeconst. = 


2.8 kn 

1 pF 

= 2 MHz — 200 kHz instruction cycle, 5 us 
Roa. * © — 0.0107s 


2140 —> 11 byte, depends which Cap. value 
is used 


+2 Degree 


RTMAX = 
Cc = 
RC-Clock 


Resolution = 


Accuracy = 


'. This temperature measurment example shows a low cost 


technique ideally suited for cost sensitive applications which 
do not need high accuracy. 

Figure 6 shows the complete circuit of the demoboard using 
the Triplex LCD method and the low cost A/D conversion 
technique. 


The Triplex LCD drive technique is documented in a sepa- 


- rate application note. 


Voc 


LCD-DISPLAY 





GND 


6x 100k/1% 


LO-L7, DO-D3 


roonF | | 100k 


i i 


A7 nF 


a 


1.5 pF 


G3 Ciy co 
220k Bethel 1.1k/1% 
a 
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FIGURE 6. Circuit Diagram 


Pressing key'1, key 2 the temperature is displayed in Degree/Fahrenheit. 


Pressing key 3, key 4 Up/Down counter is displayed. 
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SOURCE CODE 
Figure 7 shows the flow chart of the program. 
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Discharge C 


Init. Capture Mode for Uref. 
measurement, start Timer 


Store Uref 


Discharge C 


Init. Capture Mode for Untc 
.. measurement, start Timer 


Store Untc 
Temperature is calculated 
Toggle Control Flag 





No 
If control flag=1 


lf Comp=Temp 


Yes 
Temp => Comp Display Temperature 


TL/DD/12075-8 
FIGURE 7. Flow Chart 
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The following code is required to implement the function. It does not include the code for the Triplex LCD drive... «|: 


RAM = !7 Byte; 


ROM = 450 Byte; Optimization is possible about 50 byte if the B - pointer consistent is used! 
prnrnrreteetrentes strates este cA CONVERSION S# S39 setteene ce ereeeenens os seeets one 


EER EEE EEEEDY AR DECLARIATION*#####0sssenesensvereneneneneanee” 
SECT REGPAGE,REG 
COUNTI: -DSB 1 

COUNT2»:, -DSB 1 


SECT BASEPAGE,BASE 
ZL: .DSB 1 
YL: -DSB 1 


.SECT RAMPAGE,RAM 
CALIBLO:  .DSB1 ;CALIBRATION-VALUE 
CALIBHI: DSB 1 
DSB 1 ;NTC-VALUE 
-DSB 1 
DSB 2 ;TEMP.-VALUE 
DSB 2 
COMPL: DSB 1 
COMPH: DSB 1 Pun gingl ty Deg 
CONTROL: .DSB 1 ";STATUS REGISTER th gt ; 
ERRATA RE EERE RERRERE ROT ART MAIN PROGRAM*#####8+0s4se0esenneenaonnes 
MAIN: LD SP,#06F INIT SPACKPOINTER 
ISR DISCH ;DISCHARGE C (A/D-CONVERSION) 
JSR CALB ;INIT CAPTURE MODE FOR UREF. MEASURMENT 
POLL: IFBIT 3PORTGP _;POLL - MODE (TIO - PORT) , 
JP CAL 
JP POLL 
CAL: LD B,#CALIBLO 
JSR CAPTH ;STOP TIMER, STORE CAPTURE VALUE 
JSR CALCR ;SLOPE IS CALCULATED 
NEW: JSR DISCH ;DISCHARGE C (A/D-CONVERSION). 
JSR NTC INIT CAPTURE MODEFOR UNTC MEASURMENT _ 
POLL1:IFBIT 3,PORTGP —;POLL-MODE 
JP CALI 


B,#NTCLO 

CAPTH ;STOP TIMER, STORE CAPTURE VALUE 

CALCN ‘TEMPERATURE IS CALCULATED. . . 

DISCH -;DISCHARGE C (A/D-CONVERSION) 

DCHECK ' ;REDUCE THE DISPLAY FLICKERING 

NEW 
.ENDSECT ew at tt oI 


prev anenenetanse erty eeeensees reese Tmesenenens as trereente se erer rasa sees ebere ; 
TL/DD/12075-8 
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Sacha catia ladda tinthcatadintdltachae citadel ciadndiatndiatndiadidiadidbadndndiatidiadndiadadhdhdittededethindiatndaenaedaaand SEEKER EH 


SECT CODE1,ROM 
;THIS ROUTINE IS REQUIRED TO REDUCE THE NOICE ON THE LINE AND THE 


2S6-NV 


; DISPLAY FLICKERING. 


SECT CODE1,ROM 
DCHECK: 


LD A,CONTROL 
XOR_ A,#080 
X A,CONTROL 


IFBIT 7,CONTROL 


JSR SAVE 
JSR COMP 
RET 


;COMPARE TWO VALUES, IF EQUAL THEN 
;DISPLAY IT, OTHERWISE THE OLD VALUE 
3S DISPLAYED 


;sTEMP. SAVE 
;COMPARE 


AERA RE ARERR ARERR RARE E ERE RR EEE RARER ERR RRR EIR IRE RRR REAR RRR 


; HANDLER FOR CAPTURE MODE 


CAPTH: RBIT TPND,PSW 


RBIT TRUN,PSW 
LD A,#0FF 

sc 

SUBC A,TAULO 
X A{B+] 

LD A,#0FF 
SUBC A,TAUHI 
X A[B+) 

RET 


;RESET TIMER PENDING 
;STOP TIMER 


3S TORE THE CAPTURED VALUE 


sSTORE THE CAPTURED VALUE 


RRR R AAR ARRAN REE ERE RA ERAT RR REE EAT TR ATR IRA AOR ATR AAA RR AR EA EAE EE 


; CALIBRATION SUBROUTINE, UREF IS MEASURED 


CALB: 


RBIT 3,PORTGD 
RBIT 3,PORTGC 
LD PORTCD,#00 
LD PORTCC,#00 
TICAP HIGH 

LD B,#CALIBLO 
SBIT 0,PORTCD 
SBIT 0,PORTCC 


SBIT TRUN,CNTRL 


RET 


;TRISTATE TIO 


;TRISTATE PORT C 
;INIT CAPTURE MODE, HIGH SENSITIVE (MACRO) 


;CONFIGURE CO TO OUTPUT HIGH 
;CHARGE CAP. 
;START TIMER CAPTURE MODE 


1 Be a 2 a AE fe fe ee ht 2h he eR a ee ee He A Be a Be he ae a A a he he he i he 2 he ae ee 2k ae ee ke he a ok a a fe fe ke oa ape fe ea ak hs a a 
, 


; NTC SUBROUTINE, UNTC IS MEASURED 


NTC: 


RBIT 3,PORTGD 
RBIT 3,PORTGC 
LD PORTCD,#00 
LD PORTCC,#00 
TICAP HIGH 
LD B,#NTCLO 
SBIT 1,LPORTCD 
SBIT 1,PORTCC 


SBIT TRUN,CNTRL 


RET 


-TRISTAT TIO 


iTRISTATE PORT C 
sINIT CAPTURE MODE. HIGH SENSITIVE (MACRO) 


;CONFIGURE C1 TO OUTPUT HIGH 
;CHARGE CAP. 
;START TIMER CAPTURE MODE 


acdc ddaceaadadhalatadlchadidiedidiateadbaaiedidadtdaeaedidhddledadnanabedidiiledeandienaiaiiiioadaiaiameaaaabiedem heaoaaesnantatat aaah 
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AEROS COI OI IOI HORAK AORTA OIC A RH AAR RA AHR TASTER FE RR ATOR I AR TORR RATA EE AA HE 


sDISCHARGE - ROUTINE 
DISCH: 

LD PORTCD,#000 

LD PORTCC,#000 

RBIT TIO,RPORTGD ;DISCHARGE CAP. 

SBIT TIO,PORTGC 

LD COUNT1,#H(500) ‘DISCHARGE TIME 

LD COUNT2,#L(500) 

JSR C1 sDELAY ROUTINE FOR DISCHARGE TIME 

RET ik 
HARI TRIER AT RRA AAR IAS ASIA T ARTA AAEM AAI AAA IIIA IAAT EAA AAAI AA TR 
:sTHIS SUBROUTINE CALCULATES THE SLOPE 
:‘THE FOLLOWING CALCULATIONS ARE DONE 
s*KORR=CALIB/11KOHM (RCALIB.=11KOHM) 
*KORR=KORR*2,8KOHM (T=100 DEGREE, RNTC=2,8KOHM) 
;CALIB=CALIB-KORR 
;DIV=CALIB\80 (TEMPRANGE=80 DEGREE, 100-20), SLOPE IS CALCULATED 
CALCR: : 
sKORR=CALIB/11KOHM 

LD ZL,#L(110) 

LD ZL+1,#H(110) 

- LD A,CALIBLO 

X A,YL 

LD A,CALIBHI 

X A,YL+1 

JSR DIVBIN16 ‘SUBROUTINE BINARY DIVIDE 16 BIT BY 16 BIT 

LDA,YL 

X A,KORRL 
AAEM LANA AN ARAI RSA ER ARE AAA AI EREELTAE REELS EE ELE REL AE RET AE REET ERLE ROLES 
;KORR=KORR*28 + 

LD A,KORRL 

X A,ZL 

LD A,#28 

X A,YL 

JSR MULBIN8 ;SUBROUTINE MULTIPLY TWO 8 BIT VALUES 

LD A, YL 

X A,KORRL 

LD A,YL+1 

X A,KORRL+1 
errno dok obi doa oa do III IO IAAI IODIDE 
sKORR=CALIB-KORR 

LD B,4#CALIBLO 


SUBC A,KORRL 
X A.KKORRL 
LD A,B] 

: F TL/DD/12075-11 
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SUBC A,KORRL+1 
X A.KORRL+! 
Pep ICO IOI ICRI I GOR AICCCR CIS IC UCISIS ECC CACO COO OO EI II IACI I IO 
;DIV=KORR/80 
LD ZL,#L(80) ” 
LD ZL+1,#H(80) 
LD A,KORRL 
X AYL 
LD A,KORRL+1 
X AYL+1 
JSR DIVBIN16 ‘SUBROUTINE BINARY DIVIDE 16 BIT BY 16 BIT 
LD A,YL 
X ADIV 
RET 
SRO RR A AAR RAR ARR I RAR IRAN RAR AR ASANTE A AAAI REI IATA IRI IIE ITT ORI II TIS 
;THIS SUBROUTINE CALCULATES THE TEMPERATURE 
:THE FOLLOWING CALCULATIONS ARE DONE 
;TEMP=CALIB-NTC 3 : MS 
;TEMP=TEMP/DIV pa 
;ADD OFFSET 20 DEGREE 
;CONVERSION FROM HEX TO BCD 
JHeleoieloioa sara ESI CEI a ICRI ABI ECGS CIA EC OI IOI OI IOI IG ICO AGI II IR RIOR II AR I RIOR A AIOE 
;TEMP=CALIB-NTC 
CALCN: LD B,#CALIBLO 


SUBC A,NTCLO 
X A,TEMP 
LD A{B] 
SUBC A,NTCHI 
IFNC 
JMP ERR 
X A,TEMP+1 
SORIA IR IR IR AOR A AHH AOR AAR RE AAA TA HAT HHA AH AAA AA AHIR ARIA IIA IAEA IE HI 
;TEMP=TEMP/DIV 
LD A,TEMP 
X A,YL 
LD A,TEMP+1 
X A,YL+1 
LD A.DIV 
X AZL 
CLRA 
X A.ZL+1 
JSR DIVBINI6 ‘SUBROUTINE BINARY DIVIDE 16 BIT BY 16 BIT 
LD A.YL 
ADD A,#20 :ADD TEMPERATURE OFFSET 
IFGT A.#56 IF TEMPERATURE IS HIGER THAN 56 DEGREE THEN 
JSR CORR :ADD CORRECTION. OFFSET 


SISO CIAO CIO IOI I IOI ACO IE J RO RIC IATA OR A ROR AA RA AR ATA RR AAO A ORR ATOR ART RE EIR HO 
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5 Deck nee oe ke a ae eh Heo IR AR ARH ACR ACHR AHR AH A AAR AE HAH A AAA AR AR AER AR AE AR TORAH AR IR 


sHEX TO BCD CONVERSION 
X A,ZL 
LD A,ZL 
IFGT A,#100 sIF TEMPERATURE IS MORE THAN 100 DEGREE THEN 
JP ERR sERROR o 
JSR BINBCD ;sSUBROUTINE BINARY TO BCD CONVERSION; 
LD A,BCDLO 
X A,TEMP 
LD A,BCDLO+1 
X A,TEMP+1 eae 
RET 
LD A,#00E sERROR MESSAGE IS DISPLAYED 
xX A,TEMP 
CLRA 
X A,TEMP-+1 
RET me : 
SFR A Aa A AOR A HI CR A EA ATR AAR AR MER RA AAA HRA AR AA HATHA TRAE AA IIA AERA TRAHAN ER EEA I. 
A,COMPL sIF THE LAST BOTH MEASURMENTS ARE EQUAL 
‘THEN DISPLAY 
A,TEMP 
A,#0 
DISPLAY 
;OTHERWISE DISPLAY THE OLD VALUE 
DISPLAY:LD A,TEMP 
Xx A,PB+2 
LD A, TEMP+1 
Mi: X A,PB+3 
JSR LCDDR ;UPDATE THE DISPLAY 
JSR DEL sDELAY TIME 
RET 
a ese Re OR A AA A A AEH HH A A AAA AH HER HAH ATH A AAA NERA ATH AA SARAH HER AEA HEM 
SAVE: LD A,TEMP ;STEMPORARY SAVE 
Xx A,COMPL ; 
LD A,TEMP+1t 
4 A,COMPH 
RET 


HR A A RE A A RA RAE AR AR AHH RAH TE RAH HIT RHE HIE HOR TRH HR HE HE HR RR ATR 
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NM29N16 
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16 MBit (2M x 8 Bit) CMOS NAND FLASH E2PROM 


General Description 


The NM29N16 is a 16 Mbit (2 Mbyte) NAND FLASH. The 
device is organized as an array of 512 blocks, each consist- 
ing of 16 pages. Each page contains 264 bytes. All com- 
mands and data are sent through eight !/O pins. To read 
data, a page is first transferred out of the array to an on-chip 
_ buffer. Sending successive read pulses (RE low) reads out 
successive bytes of data. The erase operation is implement- 
ed in either a single block (4 kbytes) or on multiple blocks at 
the same time. Programming the device requires sending 
address and data information to the on-board buffer and 
then issuing the program command. Typical program time 
for 264 bytes is 400 ps. All erase and program operations 
are internally timed. 


The NM29N{16 incorporates a number of features that make 
it ideal for portable applications requiring high density stor- 
age. These features include single 5V operation, high read/ 
write endurance (250k cycle), and low current operation 
(15 mA during reads). The device comes in a TSOP Type II 
package which meets the requirements of PCMCIA cards. 
The NM29N16 is suited for numerrious applications such as 
Solid State Drives (SSD), Audio Recording, and Image Stor- 
age for digital cameras. 


Block Diagram 


lorem STATUS REGISTER 
a ADDRESS REGISTER a 
Vo conreo. Yo 


CIRCUIT 


(7ZZZZZZLLL LLL LLL LLL AL YL 


Features 
m Single 5V +5% power supply 
a Write/Erase endurance of 250,000 cycles, target of 
1,000,000 cycles 
m Fast Erase/Program Times | 
— Average Program Time of 400 ps/264 bytes 
— Typical Block Erase Time of 6 ms 
™ Organized as 512 blocks, each consisting of 16 pages 
of 264 bytes 
— Read/Program in pages of 264 bytes 
— Erase in Blocks of 4 kbytes 
™ High Performance Read Access times 
— Initial 25 ws page transfer 
— Sequential 80 ns access 
m@ Low Operating Current 
— Typical Read current of 15 mA 
’ — Typical Program current of 40 mA 
— Typical Erase current of 20 mA 
— Standby current less than 100 pA (CMOS) 
m Command Register for Mode Control: 
— Read —Reset 
— Auto Page Program —Suspend/Resume 
— Auto Block Erase —Status Read 
— Auto Multi-Block Erase 
gm 400 mil TSOP Type II Package 
m JEDEC standard pinout 


COLUMN BUFFER 
COLUMN DECODER 


SENSE AMP 


LZZZZZ 
COMMAND REGISTER hex BP REGISTER 


LOGIC 
CONTROL 


CONTROL 
CIRCUIT 


MEMORY CELL 
ARRAY 


VYUMNDOOF £OD 
YUMATVOrF OW 


amIoooma AMA Cw 


HV GENERATOR 
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Pin Connection (top view) 


NM29N16S NM29N16R Pin Assignment 


V0 Port 


Chip Enable 
We | Write Enable 
|RE _| Read Enable 


ort WH 
a WwW NH = 


WE 6 
Command Latch Enable 
Address Latch Enable 
Ready/Busy 


an nO 
oon om 


Power Supply/Ground 


TL/D/11915-2 =o TL/D/11915-3 


| NM 29 E45 
National Memory soa . a Package Type 
S = Standard Pinout, TSOP Type Il 
Single R = Reverse Pinout, TSOP Type Il. 


Power Supply 
= Commercial Temperature 
NAND (0°C to +70°C) 
Flash ‘ . ‘|. = Extended Temperature 
« {=25°C: to: +85°C) 


Density 
16 = 16 Mbit 
TL/D/11915-85 


Number of Valid Blocks « 


oe |e ee 
| Nya | ValidBlockNumber__[ _s02__| 508 | 512. |__ Blocks | 


Note 1: The NM29N16S/R may include unusable blocks. Refer to notification (17) toward the end of this document. 


Capacitance® (1, = +25°c, f = 1 MHz) | 


| Symbot_| Parameter_| Condition | Min_| Type | Max | Units 
| Ow | input | v= ov | | | to Tr 
| Cour | Output | Vour=ov | | os | to |r 


*This parameter is periodically sampled and is not 100% tested 








Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Power Supply (Vcc) —0.6V to 7.0V 
Input Voltage (Vin) —0.6V to 7.0V 
Input/Output Voltage (Vj/o) —0.6V to Voc +0.5V (<7V) 
Power Dissipation (Pp) 
Soldering Temperature (Tsolder) (10 seconds) _ 260°C 
Storage Temperature (Tstg) —55°C to 150°C 
Operating Temperature (Topr) — 25°C to 85°C 


0.5W 


Recommended Operating 
Conditions 


Min Typ Max Units 
Power Supply (Vcc) 4.75 5.0 5,25 V 
High Level Input Voltage (Vjy) 2.4 Voc + 0.5 V 


Low Level Input Voltage (Vj,)_ —0.3* - 0.6 Vv 
* —2V (Pulse Width < 20 ns) 


DC Operating Characteristics (1, = 0°C to 70°C, Veg = 5V +5%) 


Symbol 
ty 
lcoot CE= Va 
ico02 

locos tcycLe = 80 ns 

loooe toyote = 80 ns 

locos tcycLe = 80 ns 

locos tcycLe = 


loco7 
locos 
loost 
lccs2 


fal 


Pin Functions 


_ The NM29N16 is a sequential access memory which utilizes 
time sharing input of address and data information. 
Command Latch Enable: CLE The CLE input signal is 
used to control the input of commands into the internal 
command register. The command is latched into the com- 
mand register from the !/O port at the rising edge of the WE 
signal while CLE is high. F 


Address Latch Enable: ALE The ALE signal is used to 


control the input of either address information or input data — 


-into the internal address/data register. Address information 
is latched at the rising edge of WE if ALE is high. Input data 
is latched if ALE is low. , 


Chip Enable : CE The device goes into a low power stand- 


by mode during a read operation when CE goes high. The’ 


CE signal is ignored when the device is in a busy state (R/B 
= L) such as during a program or erase operation and will 
not go into standby mode if a CE high signal is input. 
Write Enable : WE The WE signal is used to strobe data 
into the I/O port. 


80 ns 


E = Vin . 
= Vcc — 0.2V 
“Von 
Vou lo. = 2.1 mA 
lou V8) Vou = 04V 


fal 
I 


T 


tcycLe = 1 ws 


—_ 
a 


_ 
< 


_ 
oi 

~“I 

o 


45 


eae ae ee 
ae ae ee 
eS eee ee 
ea ee 

|} | wo | 


Read Enable: RE The RE signal strobes data output. Data 
is available tre, after the falling edge of RE. The internal 
column address counter is also incremented (Address + 1) 
with this falling edge. : 


1/0 Port: I/O 1-8 The I/O 1-8 pins are used as the port for 
transferring address, command and input/output data infor- 
mation to or from the device. . 


Write Protect : WP The WP signal is used to protect the 
device from inadvertent programming or erasing. The inter- 
nal voltage regulator is reset when WP is low. This signal is 
usually used for protecting the data during the power on/off 
sequence when the input signals are invalid. 


Ready/Busy: R/B The R/B output signal is used to indi- 
cate the operating condition of the device. The R/B signal is 
in a busy state (R/B = L) during the program, erase or read 
operations and will return to a ready state (R/B = H) after 
completion. The output buffer of this signal is an open drain. 
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ton 


‘two 


~ tREAID 


AC Test Conditions 

Input Level 2.4V/0.4V 
Input Comparison Level 2.2V/0.8V 
Output Data Comparison Level 2.0V/0.8V 
Output Load 1TTL & C, (100 pF) 


AC Electrical Characteristics (1, = — 25°C to 85°C, Voc = 5V +5% 


Symbol Parameter 


tcLs 
toLH 
tcs 


twp 
taLs 
tALH 
tos 
toH 


twH 


tRR 


tac 
tREA 
tCEH © 


tAHZ 
tcnz 
tREH 
tik 
trsTO 
testo 
tRHW. 
twHC 


tWHR 


tart 
tcr 
tr 
twB 
taR2 
tas 


tcry 2: 


— 


CLE Setup Time 
CLE Hold Time 
CE Setup Time 
CE Hold Time - 
Write Pulse Width 
‘| ALE Setup Time 
~~ ALE Hold Time 
‘Data Setup Time - 
-- | Data Hold Time 
- Write Cycle Time . 
- WEHighHold Time © - 
‘Ready to RE FallingEdge - 
ReadCycleTime | 
RE Access Time (Seria! Data Access) 
-| CE High Time at the Last Address in Serial Read Cycle 
RE Access Time (ID Read) 
“RE High to Output High Impedance 
CE High to Output High Impedance 
--REHighHoldTime - | 
Output High Impedance to RE Rising Edge 
RE Access Time (Status Read) 
_ CE Access Time (Status Read) 
RE HightoWELow 
WE High to CE Low 
WE High to RE Low 
ALE Low to RE Low (Address Register Read, !|D Read) 
-| CE-Low to RE Low (Address Register Read, ID Read) 
Memory Cell Array to Starting Address 
mi WE High to Busy ee 
ALE Low to RE low (Read Cycle) 
‘RE Last Clock Rising Edge to Busy (At Sequential Read) 
- CE High to Ready (in case of interception by CE at Read Mode) 


a 


> 
Oo 


a 
77) 


y 


= 


100+ tr(R/B) 





AC Electrical Characteristics (1, = —25°c to +85°C, Veg = 5V +5%) (Continued) 
Note 1: In case that CLE, ALE, CE are input with clock, two exceeds 80 ns. Transition time tr < 5 ns : 
set-up time hold time _twe_ : ix is At 

20 ns 40 ns 40ns 20 ns 
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CLE 
ALE 


TL/D/11915-5 
Note 2: CE high to Ready time depends on Pull up resister tied to R/B pin. (Refer to notification (11) toward the end of this document.) 


Note 3: In the case that CE turns to a high level after accessing the last address (263) in read mode (1) or (2), CE high time must keep equal to or greater than 


300 ns when the delay time of CE against RE is 0 to 200 ns as shown below. 
In the second case, the device will not turn to a “Busy” state when the CE delay time is less than 30 ns. 


tocy = 300ns 


@) : 0-200ns > topy = 300ns 


\ / @) : 0-30 ns -— BUSY SIGNAL 


BUSY IS NOT OUTPUT ; os 
TL/D/11915-6 


Programming and Erasing Characteristic (1, = -25°c to + 85°C, Voc = 5V +5%) 


[symbor [_armeter | win | tp 
enos | AveageProgrnming ine |__| 00-1000. 
Px [ovis nunberonsame Pago |_| 

Pecmse | BeckEraingTine | 6 
Ee 
eal 


Multi-Block Erasing Time 
ltsa | Suspend Input to Ready 
Number Write/Erase Cycles 


Note 1: Refar to the notification (16) toward the end of this document 
Note 2: tygerase depends on the number of blocks to be erased (min 6 ms + 15 ps x Erase block number) 








NM29N16 


Schematic Cell Layout and Address Assignment .._. 
Programming is done in page units of 264 Bytes while the erase operation is carried out in blocks of 4-kBytes. 


A page consists of 264 bytes in which 256 bytes are for main 
memory and 8 bytes are for redundancy or other uses. 


1 page = 264 bytes 
1 Block = 264 bytes x 16 pages = (4k + 128) bytes 


Total device density = (264 bytes) x (16 pages) x (512 block) 
= 17.3 MBits (2.162 MBits) 


The address is acquired through the I/O port using three con- 
secutive clock cycles as shown in Table I. 


PAGES 
512 BLOCKS 


TL/D/11915-28 
FIGURE 1. NM29N16 Schematic Cell Layout 


TABLE I. Addressing 


Ag-A1;__: Page Address in Block 


——Ara~Aap_ + Block Address 
| 


* 1/0 6-8 at the third cycle must be setlow 


Operation Mode: Logic and Command Tables 


The operation modes such as Program, Erase, Read, Erase Suspend, and Reset are controlled by the twelve different command 
operations shown in Table I!!. The Address, Command Input and Data Input/Output are controlled by the CLE, ALE, CE, WE, RE 
and WP signals as shown in Table Il. SO - aes 


. TABLE Il. Logic Table : 
pf ct | ate | ce | we | re | We 
| Gommandinput | HW | LL | tw] | 
Datainout | ET eT eT tf | 
jAddrossinput | ot | WH | LU] tT | | + | 
[Address Output | ot | HO LH | | | 
[SeraiDataOutpt | tk | te] AH | | 
| During Programming (Busy) | + | + | * | + | * | # | 
| During Erasing (Busy) |_| 
| Program,Erase inhibit | + _| 


H: Vin, Le Vit *: Vin or Vit 





Operation Mode: Logic and Command Tables (Continued) 
TABLE II]. Command Table (HEX Data) 


Second Cycle faa ene commer | 
y Bit Assignment of HEX Data 


‘ (Example) 
DATA INPUT : 


SLN6CINN 


Sequential Data Input 


280 
Read Mode (1) I: 200. | 
| so 


eee eee 
eee 

rand Mode Fees Ear 

favorogam Po PC PP ee 

[swspenaingrsing | so [| (| ven 

[reome | wo | | 

[saverea’ | 0 | ‘| 


Register Read 


Once the device is set into Read mode by “00H” or “50H” command, additional Read commands are not needed for sequential 
page read operations. Table Ill shows the operation mode for Reads. , “i 


’ TABLE IV. Operation Mode for Reads 


| fete ate[cE|WelRe| 1701-05 | Power| 
ReadMode | t | t [u|H|L| Dataoutput_| Active 


Output Desetect| L_| | | H | H [High impedance| Active | 
standby |b |b | | | * [High impedance] Stancioy 





Device Operation 


READ MODE (1) 
The Read mode (1) is set by issuing a “OOH” command to the command register. Refer to Figure 2 below for timing details and 


block diagram. ; “4 
ig a es es 


\VABbIA 
SP NE REN Ne sy 
as aemcrereperes - 
R/B a ee es ONS 2 fe ee ee 





BUSY 


qos 
1/0 —{00H}-{ — {___) CH Q__X_S4--- OOO 


START ADDRESS INPUT 


TL/D/11915-29 


263 


A data transfer operation from the cell array to the register starts at the rising 

SELECTED edge of WE in the third cycle (after latching the address information). The 
PAGE CELL device will be in a busy state during this transfer period. 

N ARR AY After the transfer period the device returns to a ready state. Serial data can 

be output synchronously with the RE clock from the designated starting 


Ti7pi1i1816290 pointer indicated during the address input cycle. 


FIGURE 2. Read Mode (1) Operation 
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Device Operation (Continued) 


READ MODE (2) 
The Read mode (2) is the same timing as Read mode (1) but it is used to access information in the extra 8 byte redundancy area 
of the page. The starting pointer is therefore assigned between byte 256 and 263. 


Address Ag-Az are used to set the starting pointer for the redundant memo- 
ry cell while Ag-A7 are ignored. 


. Once the 50H” command is set, the pointer moves to the redundant cell 
locations and only those 8 cells can be addressed regardless of the A3-A7 
address. 


(The “00H” command is necessary to move the pointer back to the 


l Merhrbomheheuhe oh ahahembmbembeordbode uhnk hehe ahmbeomeoenhe ut 


0-255, main memory cell locations.) 


TL/D/11915-31 


FIGURE 3. Read Mode (2) Operation 


SEQUENTIAL READ (1) (2) 
This mode allows sequential read without the additional address input 


DATA OUTPUT DATA OUTPUT 


SEQUENTIAL READ (1) SEQUENTIAL READ (2) 
TL/D/11915~32 
FIGURE 4. Sequential Read 
Sequential Read mode (1) outputs the address 0 to 263 while Sequential Read mode (2) outputs the redundant address location 
only. When the pointer reaches the last address, the device continues to output last data with each RE cleck signal. 





Device Operation (Continued) 


STATUS READ 


The NM29N16S/R automatically implements the execution and verification of the program and erase operations. The status 
read function is used to monitor the Ready/Busy status of the device, determines the pass/fail result of a program or erase 
operation, and determines if the device is in a suspend or protect mode. The device status is output through the I/O port using 
the RE clock after a “70H” command input. The resulting information is outlined in Table V. 


TABLE V. Status Output Table 


1/0 1 Pass/Fail Pass: 0" Fail : “1” 
vo2 | Notused [| O 


mck Not Used The Pass/Fail status in 1/01 is only valid 


04 NotUsed | “o" == SSS when the device is in the Ready state. 


VO5 Not Used The device will always indicate a Pass 
status while in the Busy state at Read 


/O6: |... Suspend Suspended: ‘*1” Not suspended: ‘‘0” mode. 


1/07 Ready/Busy Ready: “1” Busy: ‘‘0” 
1/08 Write Protect Protect: ‘‘0” Not Protect: ‘‘!’” 


Application example with multiple devices is shown in Figure 5 below. 
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| , oe 
DEVICE DEVICE 
= 


\ STATUS ON STATUS ON © 
DEVICE 1 ~ DEVICE N 


TL/D/11915-33 
FIGURE 5. Status Read Timing Application Example 


Note: if the R/B pin signals of multiple devices are common-wired as shown in the diagram, the status Read function can be used to determine the status of each 
individually selected device. : ; 





4-11 





NM29N16 


Device Operation (Continued) 


AUTO PAGE PROGRAM 


The NM29N16S/R implements the automatic page program operation by receiving a ‘10H’ program command after the 
address and data have been input. The sequence of command, address and data input is shown below, (Refer to the detail 
timing chart). 


DATA INPUT ADDRESS DATA INPUT PROGRAM STATUS READ 
COMMAND INPUT 0-263 COMMAND ; COMMAND 


R/B , \ / R/B AUTOMATICALLY TURNS TO READY 
AFTER COMPLETION. 


The data is transferred (programmed) from the register to the selected page at the rising edge of WE 

following the “10H” command input. The programmed data is transferred back to the register after pro- 

PROGRAM READ & VERIFICATION gramming to be automatically verified by the device. If the program does not succeed, the above program/. 
: verify operation is repeated by the device until success or the maximum loop number set in the device. 


TL/D/11915-34 


DATA 
INPUT 


SELECTED 
PAGE 


TL/D/11915-35 
\f the device failed, the bit by bit pass/fail result can be verified by the following sequence: 


REGISTER READ 
COMMAND 


THE VERIFICATION RESULT IS OUTPUT BY BIT UNIT 
PASS: A 
FAIL: "1° 
TL/D/11915~36 
FIGURE 6. Auto Page all 


AUTO BLOCK ERASE/AUTO MULTI-BLOCK ERASE 

The block erase operation starts with the rising edge of WE after the erase erection command “DOH” which follows the erase 
setup command “60H”. This two cycle process for erase operations acts as an extra layer protection from accidental erasure of 
data due to possible external noise issues. The device automatically executes the erase and verify operations. 

Multiple blocks can be simultaneously erased by inputting the “60H” setup command and the block address for all desired 
blocks before issuing the “DOH” command to start the erase operation. The length of the erase busy period will depend upon 
the number of blocks. The command sequence is shown as follows: 


AUTO BLOCK ERASE 


BLOCK ADDRESS 
INPUT : 2 CYCLE 


STATUS READ 


ERASE EXECUTION COMMAND 


COMMAND 
FIGURE 7. Auto Block Erase Operation 


TL/D/11915-37 
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Device Operation (Continued) 
AUTO MULTI BLOCK ERASE 


BLOCK BLOCK BLOCK 
ADDRESS ADDRESS ADDRESS ADDRESS 
INPUT INPUT INPUT INPUT 


” ERASE STATUS READ 
COMMAND COMMAND 
“TL/D/11915-38 


Busy duration will be approximately (erase time + verify time) calculated as, MBERASE = 6ms + 15 ps X Erase block number 


SELECT 
BLOCK 
> / BLOCKS 


ES ERASE kez BLOCK ERASE 
FIGURE 8. Auto Block/Auto Multi Block Erase Operation 


_ TL/D/11915-39 


SUSPEND/RESUME ERASE OPERATION 


Because a multi-block erase operation can keep the device in a busy state for an-extended period of time, the NM29N16S/R 
has the ability to suspend the erase operation to allow program or read operations to be performed on the device. The block 
diagram and command sequence on this operation are shown as below. (Refer to the detail timing chart). 


ee 


SELECT 
BLOCK < SUSPEND COMMAND INPUT 
—> 


a ck THE ERASE wie 


RESUME COMMAND 


INPUT ERASE OPERATION Willd 
RESUME 
— 


Wiis 





BLOCK ADDRESS SUSPEND OPERATION 
INPUT 


TL/D/11915-40 
FIGURE 9. Suspend/Resume Erase Operation 


The BO...DO suspend/resume cycle can be repeated up to 20 times during a multi-block erase operation. After the resume 
command input, the erase operation continues from the point at which it left off and does not have to restart. 
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Device Operation (continued) 


RESET 


The reset mode compulsorily stops all operations..For example, in the case of a program or erase operation, the regulated 
voltage is discharged to OV and the device will go to a wait state. The address and data register are set as follows after.a reset: 


¢ Address Register: Allo” a) AG 

*DataRegister | All “1” : 

© Operation Mode: Wait State 

The response after “FFH” reset command input during each operation is as follows: 


e In the case that reset (FFH) command is input during programming: 


INTERNAL Vpp oS ieee 
R/B 
REGISTER SET 


(= 10 yS) 
TL/D/11915-41 


FIGURE. 10. Reset During Programming __ 


e In the case that reset (FFH) command is input during erasing: 


INTERNAL ERASE 
» VOLTAGE - 


R/B 





(= 1mS) 


eae TL/D/11915-42 
FIGURE 11. Reset During Erasing 


° In the case that. reset (FFH) command is input during read operation: * a 


ry 


(= 5 pS) 
a cate ~ .TL/D/11915-43 
FIGURE 12. Reset During Read . 


¢ In the case that reset (FFH) command is input during ‘suspend: 





INTERNAL ERASE 
VOLTAGE 


ae 
(~ 5 uS) 


TL/D/11915-44 
FIGURE 13. Reset During Suspend 





Device Operation (Continued) 
© In the case that the status read command (70H) is input after reset: 


@ COs 1/0 STATUS : PASS/FAIL ~~ PASS 
R/B "\ | —— 
.  s - : READY/BUSY-» READY 


.. FIGURE 14. Read After Reset 


TL/D/11915~45 


© However the following operation is prohibited. If the following operation is executed, set up for address and data register can 


not be guaranteed. 
ce cE “~~ 1/0 STATUS : PASS/FAIL > PASS 
R/B \ Raia ss READY /BUSY~> BUSY 


FIGURE 15. Prohibited Reset 


TL/D/11915-46 


e In the case that the reset command is input in succession: 
(1) (2) 


THE SECOND "FFH" COMMAND 
IS INVALID IF ANY OTHER 
COMMAND BESIDES "FFH" IS 


INPUT DURING THIS PERIOD. Tipsiaisca7 


_ FIGURE 16. Consecutive Resets 


ID READ 


The NM29N16S/R contains an ID code to ey the device type and the manufacturer. The ID codes are read out using the 
following timing conditions: 


ID READ COMMAND ; ADDRESS 00H MAKER CODE.- DEVICE CODE 
oT ' TL/D/11915-48 


TABLE VI. Code Table 


Ss [efter Vo2 





a7 IN TO 
fiacocte|oo fa) yo [es [ols | ow 


Refer to the timing specifications for the access time of treap, tcr, tar2. 
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Timing Diagrams 


Latch Timing Chart for Command/Address/Data 


Command Input Cycle . 


tos tou 


a oe ZZIIILLL 
ilotes 5. 


Serial Read Cycle 


TL/D/11915-26 





Timing Diagrams (Continued) 


Address Input Cycle 
tets 


CLE “sir. | . 


yore Wl Aly, A Ce, ES Ul 


TL/D/11915-9 


Data Input Cycle 


CE 


taLs 


uc LLL 7 


TL/D/11915-10 
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Timing Diagrams (Continued) 


chy ely ols 


Wl, SE 4 TD 


COLUMN ADDRESS 
N 


A16-A209 


Status Read Cycle 


Read Cycle (1) 
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TL/0/11915-11 


TL/D/11915-12 





Timing Diagrams (continued) 
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Read Cycle (1): Terminated by CE 


LEZ: 


tcuz 


rae ii 
7 ae Rirs-120 fd a Ca tae 


COLUMN ADDRESS 
N 


TL/D/11915-13 


~ Read Cycle (2) 


tos toy 


iF ZZ 
=a eS 
Lp 4 | 


bs trea 


vo1-s T= XID “)-=) Sa) 


COLUMN ADORESS 255+M = -255+M+1 263 
M 





TL/D/11915-14 
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Timing Diagrams (Continued) 


Sequential Read Timing 


mesic Det) 
COLUMN PAGE 


ADDRESS ADDRESS 
N M 


PAGE M ‘ PAGE M+1 
ACCESS : ACCESS 


TL/D/11915=15 


Auto Program Timing Chart 


CA 


WN 
CL 





LZ 
ae 


OE 
‘ou 
i Ss 7 CS CED ED eee Se: 7, CD, OD, C2) aren CS, 704) 


_ TL/D/11915-16 
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Timing Diagrams (Continued) 


Auto Program and Register Read 


twe ; 
REY 

- Ss : 
i Ce CED CEE CE GD 


R/B 
TL/D/11915-17 


La. — 
01-8, ep U 10H {70H} aN) f EOH co) er) 


ei 


TL/D/11915-18 


(a): Continued 
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Timing Diagrams (Continued) 


: Auto Block Erase Timing 


VL 
VL. 


tBERASE 


7 " WD. 


KZ 


CTT 
a: LA 
* DAQQL DEMIR ‘© = 


AUTO BLOCK ERASE avay ERASE EXECUTION _ STATUS READ eae * 


SETUP , COMMAND “COMMAND 
COMMAND 


_ TL/D/11915-19 





Timing Diagrams (continued) 
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_ Auto Multi Block Erase Timing 


RE 
tos 


i, Me CMD, Mae CD MENS CED, 7, CD CD Ce, A 
Hh eS ec BLOCK ADDRESS : : BLOCK ADDRESS BLOCK BODRES? 
eee 
R/B BLOCK ERASE 
SETUP COMMAND 


‘TL/D/11915-20 


twe 2 os 


LM VILL 


§ 
'" ERASING STATUS READ COMMAND 
EXECUTION . 
COMMAND 


. R/B 


TL/D/11915-21 
(a): Continued 
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Timing Diagrams (Continued) 


. 


as ZI 


tos” 


3 TM, 
“TT 


ALE th. 
RE yf} 


Suspend/Resume on Multi Block Erase Operation (a) 


KE 


[Li 
WLI 
_LIIIL 
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aaa KI 


teLs 


= a LNs | van 
eae Lif Uy 
eres Vt —— 


has BYR 
Yor-s WIL: ako 4 LLL 


R/B 


CW 
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Timing Diagrams (continue) 
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ID Read Operation 


READ 


ADDRESS DEVICE CODE 
INPUT 


TL/D/11915-24 


Register Read Cycle 


ae ai 


Ca) ne) EE) 
Cee 


OUTPUT : OUTPUT 
ADDRESS REGISTER DATA REGISTER 
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Supplementary Device Operation 


(1) PROHIBITION OF UNSPECIFIED COMMANDS 
The operation commands are listed in Table Ill. Data input as a command other than the specified commands in Table III is 
prohibited. Stored data may be corrupted if an unspeclfied command is entered during the command cycle. 


(2) POINTER CONTROL FOR “00H”, “50H” 

The NM29N16S/R has two read modes to set the destination of the pointer in either the maln memory area of a page or the 
redundancy area. The pointer can be designated at any location between 0 and 255 in read mode (1) and between 256 and 263 
in read mode (2). Figure 17 shows the block diagram of their operations. 


255 256 - 


“POINTER CONTROL 


FIGURE 17. Pointer Control 


TL/D/11915-49 


The pointer is set to region “A” by the “OOH” command and to region “B” by the “50H” command. 


(Example) 
The “OOH” command needs to be input to set the pointer back to region “A” when the pointer exists in region “B”. 


ee 
ADD START POINT ADD START POINT ADD DIN 
A AREA B AREA | 


START POINT 
B AREA 


Cou) <> (oon) (OS 


ADD ADD ADD ADD DIN 


START POINT START POINT START POINT START POINT 
A AREA B AREA A AREA A AREA 


TL/D/11915-50 
FIGURE 18. Example for Pointer Set 


(3) ACCEPTABLE COMMANDS AFTER SERIAL INPUT COMMAND OF “80H” 
Once the serial input command (‘80H’) is input, do not input any command other than the program execution command 
(“10H”) or the reset command (“FFH”) during programming. 


ADDRESS 


NPUT [Fe 
INTERNAL Vpp 


R/B \ | 
TL/D/11915-51 


FIGURE 19. Reset After Serial Input 


If a command other than “10H” or “FFH” is input, the program operation is not performed. 


C20) Cx) C10) IN CASE OF THIS OPERATION, AN 'FFH' 


OTHER COMMAND PROGRAMMING CAN NOT BE EXECUTED COMMAND IS NEEDED. 


TL/D/11915-52 
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Supplementary Device Operation (continued). 
(4) STATUS READ DURING READ OPERATION 
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N ADDRESS STATUS 


READ COMMAND STATUS STATUS OUTPUT 
INPUT READ 


TL/D/11915-53 
The device status can be read out by inputting the status read command “70H” during the read mode. Once the device is set to 
the status read mode after the “70H” command input, the device does not return to the read mode. Therefore, the status read 
during the read operation is prohibited. However, when.the read command “OOH” is input during [A], the status mode is reset, 
then the device returns to the read mode. In this case, the data output starts from N address without address input. 
(5) SUSPEND COMMAND “‘BOH” 


The following issues need to be observed when the device is interrupted by a “BOH” eeminand during block erasing. 


R/B j \ ; CT) 


RECOVERY’ 
TIME (1 ms) 
TL/D/11915-54 
Although the device status changes from busy to ready after “‘BOH” is input, the following two cases cannot be recognized. 
— After a “BOH” command input, Busy —> Ready 
— After an erase operation is finished with “DOH”, Busy —> Ready 


Therefore, the device status needs to be checked to see whether or not the “BOH” command hes been accepted by issuing a 
“70H” command after the device goes to ready. 


The device responds as follows when a “DOH” command (Resume) is input instead of “70H”. 
— "BOH” has been accepted : Erase operation is executed. (The device is busy.) 


— “BOH" has not been accepted. (Erase operation has been completed) : “DOH” command cannot be accepted. (The device 
is in ready.) . 


Each case above is confirmed by monitoring the R/ B signal. 
(6) PROGRAM FAIL 


Go) Cia) G)—</0 > Cao) C0) 
Kye Nene ae ee 


ADDRESS DATA ADDRESS DATA 
M INPUT : N INPUT 


- TL/D/11915-55 
FIGURE 20. Program Fail 


When the programming result for the page address M is “Fail”, do not try to program the page to address N in another block. 
Because the previous input data is lost, the same sequence of “80H” command, address and data input is necessary. 
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Supplementary Device Operation (continued) 


(7) DATA TRANSFER 


The data in page Address M cannot be automatically transferred to page address N. If the ‘cuewing 6 sequence is executed, the 
data will be inverted (i.e., ‘'1’" data will become “0” and “0” will become ‘‘1"). 


FLD) conor, Gere GLP C2) 


ADDRESS ADDRESS 1 
N 
PROGRAM . 


ae ae 
MILL LLLLA DATA 


INVERTED DATA WILL BE TRANSFERRED. 
N LLLZZZZZZZLLL DATA 


T1/D/11915-56 
FIGURE 21. Page to Page Transfer 
(8) BLOCK ERASE AFTER SUSPEND COMMAND “BOH” 


BLOCK | | i ; 
ADDRESS ye. 


ERASE EXECUTION SUSPEND - 
a TL/D/11915-57 
A block erase command is prohibited when the device has been suspended by inputting “‘BOH” during a block erase or multi- 
block erase operation. Only a program or read operation is allowed during this erase suspend interruption. 


(9) INTERRUPTION OF AN ERASING BLOCK 
After a “BOH” command input, neither a program nor a read operation is allowed for the accessed block which i is currently i inan 


erase operation. ; 


EEE aueeeneneneenenmnennd 
Pa Pe tek se : 


ADDRESS ADDRESS ADDRESS a 5 
. TL/D/11915-58 


(10) ADDRESSING FOR PROGRAM OPERATION aot 4: 
Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of the block (.e., Row 16 


- must be programmed before row 15, etc.). Random page address input is prohibited. Programming must be executed in order 


from the NAND cell transistor closest to ground to the one closest to the bit line.:Refer to the diagram below. ° 


PROGRAM 
ORDER 


PROGRAM 
ORDER 


TL/D/11915-59 
Correspondence of internal and external address 


000: R16 
NAND address —> Ag-Ay4 L 
111: Rt TL/D/11915-60 
FIGURE 22. Page Program In Order within a Block 
The order of the external address from Ag to Ay1 corresponds to the device internal page address from R16 to Ri. 
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Supplementary Device Operation (Continued) 


(11) R/B: TERMINATION FOR THE READY/BUSY PIN (R/B) 
A pull-up resistor needs to be used for termination because the R/B buffer consists of an open drain circuit. 


9LN6ZINN 


DEVICE 


TL/D/11915-61 


This data may vary by device. We recommend that you use this data as a 
reference when selecting a resistor value. 


1kX 2kQ Sk 4k0 


R 
TL/D/11915-63 
FIGURE 23. Ready/Busy Pin Termination 


(12) STATUS AFTER POWER ON 


Although the device is set to read mode after power-up, the following sequence is recommended because each input signal may 
not be stable at power on. 

© Operation mode : Read mode (1) 

® Address register : All “0” 

e Data register : Indeterminacy 

¢ High voltage generation circuit : Off state 


RESET READ MODE (1) 


Recommended sequence 


TL/D/11915-64 


(13) POWER ON/OFF SEQUENCE 
The WP signal is useful for protecting against data corruption at power on/off. The following timing is recommended: 


CE, WE, RE 
CLE, ALE 


+———— OPERATION ———_» 


TL/D/11915-65 
FIGURE 24. NM29N16 Power On/Off Sequence 
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cunplementany Device Operation (Continued) 


(14) NOTIFICATION FOR WP SIGNAL : 
The erase and program operations are reset when WP. goes low. The following conditions must be ‘eeouciied: 


Program 


The program can be ‘executed 


TL/D/11915-66 


rr | “The program execution does not start 
R/8 a ar aa y ash 2 - 


TL/D/11915-67 


The erase can be executed 


TL/D/11915-68 * 


i , | The erase execution does not start 


HIGH 


TL/D/11915-69 


In the case that WP goes high during erase/program operation 


PROGRAM ; 
ABORTED PROGRAM/ERASE 


TL/D/11915-70 


The previous operation is reset even when WP returns to high level and the device waits for the next command. The same 
loading sequence as after the reset command is needed to restart the operation. 
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Supplementary Device Operation (continue) 


(15) IN THE CASE THAT 4 ADDRESS CYCLES ARE INPUT 
Although the device may acquire the fourth address, it is ignored inside the chip. 


9SLN6Z2N 


At Read operation: 


IGNORED 
ADDRESS INPUT 


R/B \ ane 


FIGURE 25 


TL/D/11915-71 


At programming operation: 


ADDRESS INPUT DATA INPUT. 
IGNORED 


FIGURE 26 


(16) DIVIDED PROGRAM IN THE SAME PAGE (PARTIAL PAGE PROGRAM) 
The device allows a page to be divided typically into 10 segments and to program each page segment selectively as follows: 


Ieeeteaconesonesoneconesanccaceceteces BMIMENEE sioceecesecereceeoneeeneicneenneenne® 
THE FIRST PROGRAMMING } DATA PATTERN 1 EXQS65255252525 5255525255255 C505] ALL 111 BSHS252525252525 2525252552555 CN 


TL/D/11915-72 


weteteteteteteteteteteteretereeee SSS SOR SCOC RIK III III] 


KKK KKK RCN KN 





‘orene 171 pOoOo £50525 0505525050505 05 050504 14? PRIRIRSCRO 050505090909 05 0903 
THE SECOND PROGRAMMING DOK] ALL ‘1 BOQ DATA PATTERN 2 BX QOOOVOOOOOOOT ALL '1' DODOOOOQVOOOOOOOF 


£°9¢5 3552552525255 0505050509 arerereretaretetatereterets 
“ereterevereTeverete® $6525 5255255 IT OSI G09 


BO 5555 255050 EI 25, 2505052505090 5 50 
B50 5 05250525050 ¢ 552555 2505052550525. 2550 


RRR KKK KKK KKK KKK ERE RRR KKK KKK KR KKK KK 


RESULT DATA PATTERN 1 | DATA PATTERN 2 DATA PATTERN 10 


TL/D/11915-73 





FIGURE 27 


Note: The input data of unprogrammed or previously programmed page segments must be ‘'1”’. (i.e., Mask all page bytes outside the segment to be programmed 
with “1” data.) pe oo : Mae a3 . ; 
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NM29N16 


Supplementary Device Operation (continue) 


(17) BAD BLOCK IDENTIFICATION Tae 


The NM29N16 may contain unusable blocks. To simplify = _—_- "FFH" : 
identification, usable or good blocks leave the factory in the Been REREK 
erased state. On initial power up (after board assembly), "FFH 
reading all the bytes in a usable block will result in FFH 

being read out. Unusable or bad blocks will read out some 

data other than FFH. These blocks should be mapped out 


of the system and not used. The valid number of blocks is 


as follows: 
=> BAD BLOCK 


Number of good blocks C: Checkboard Pattern, AAH 
- > Ct: Inverse Checkerboard Pattern, 55H 


Blank Check: Usable blocks will read out ‘FFH’ for all bytes in block 





TEST START 
BLOCK NO = 1 


PROGRAM BLOCK “ss 


WITH C PATTERN 


READ AND.. VERIFY 


C PATTERN BLOCK NO. = BLOCK NO. + 1 
BLOCK ERASE 


MAP AS 
UNUSABLE BLOCK NO. = 512 
BLOCK - 
PROGRAM BLOCK aa 


WITH C PATTERN 


READ AND VERIFY 
nC PATTERN 
BLOCK ERASE 
BLOCK NO. = 512 


TEST END 


: 26 ; TL/D/11915-4 
FIGURE 37. Identification of Bad Blocks at Initial Power Up 
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Supplementary Device Operation (Continued) 


(18) ERROR IN PROGRAM OR ERASE OPERATION (FAIL AT STATUS READ) 


The device may fail during a program or erase operation due to exceeding write/erase cycle limits, for example. The following 
system architecture will enable high system reliability if a failure occurs: 


Program 
When the error happens in Block A, try to reprogram the data into another Block B by loading from an external buffer. Then, 
prevent further system accesses to Block A (by creating a “bad block” table or other appropriate scheme). 


BUFFER 
MEMORY 


ERROR OCCURS 


BLOCK A : 


BLOCK B 
TL/D/11915-75 
Erase 


When the error oocurs after an erase operation, prevent future accesses to this bad block (again by creating a table within the 
system or other appropriate scheme). 





4-33 


_ OLN6ZINWN 


NM29A040 


AY vationat Semiconductor 


NM29A040 


~.» PRELIMINARY 


4-Mbit CMOS Serial FLASH E2PROM 


General Description 


The NM29A040 is a 4-Mbit Flash memory designed with a 
MICROWIRE™ serial interface. All of the features of the 
device are designed to provide the most cost effective solu- 


tion for applications requiring low bandwidth file storage. Ex-” 


amples of these applications include digital answering ma- 
chines and personal digital recorders (digital audio) or FAX 
and digital scanners (digital imaging). The Serial Flash re- 
quires only a single 5V power supply, has a small erase 
block size (4 kbytes) and a low EMI serial interface. 

The NM29A040 has been designed to work seamlessly with 
National’s CompactRISC™ family (e.g. NSAM266). In this 
manner National is able to provide the complete system 
solution to digital audio recording (processor, CODEC, Flash 
memory, software) or digital imaging. 


Block Diagram 


Features ; 

m Single 5V +10% power supply 

w 4 kbyte erase block ~ 

m Organized as 128 Blocks per 4-Mbit Device 
— 128 pages per block 
— 32 bytes per page (256 bits) 


’ g MICROWIRE™ compatible interface 


a Low operating current (typical) 

— 5 mA read current 

— 15 mA write current 

— 10 mA erase current 

— 5 pA standby current 
m Target 100k write/erase cycle endurance 
m@ Offered in PLCC and SOIC packages 


4Mb ARRAY 


CONTROL GATES 


BITLINE CONTROL ef 


HIGH VOLTAGE 
CONTROL 


INTERFACE LOGIC 


CHARGE PUMPS 


TL/D/12475-1 
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Connection Diagrams 
Plastic Chip Carrier (V) 


28 27 26 


12:13 14 15 16 17 18 
20% GC YL oO YV 
z2z222222 


TL/D/12475-2 
NS Package Number V28A 


Small Outline Package (M) 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/D/12475-3 
NS Package Number MA28A 


Pin Assignments 


| DO | Serial Data Output | 
1 


Serial Data Input 


Serial Data Clock 


Chip Select 





Ordering Information 


Commercial Temperature Range (0°C to + 70°C) 


Order Number 


NM29A040V 
NM29A040M 


Extended Temp. Range (— 40°C to + 85°C) 
Order Number 


NM29A040EV 
NM29A040EM 


Pin Functions 


SERIAL DATA INPUT: DI 

The Di pin is used for transferring in commands and data. 
Data is latched on the rising edge of SK. 

SERIAL DATA OUT: DO 

The DO pin is used for transferring out status and data. Data 
output will change following the falling edge of SK. 

CHIP SELECT: CS 


This signal indicates which device is selected. When this 
signal is inactive the device ignores SK. This signal can be 
tied to ground when there is only one Serial Flash device. 
The CS pin may be pulled high to reset the device. 


SERIAL DATA CLOCK: SK 


This is the standard synchronous MICROWIRE clock which 
determines the rate of data transfer. On each toggle, one 


data bit is shifted into or out of the Serial Flash. 
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NM29A040 


System Concepts 


The NM29A040 is a 4-Mbit NAND Flash Peer to pro- 
vide the most cost effective solution for file storage applica- 
tions. These applications include digital audio recording, dig- 
ital image storage and data logging applications. 


For digital audio storage, the NM29A040 has been matched 
with National’s NSAM266 voice processor. Applications that 
can benefit from this combination include digital answering 
machines, personal digital recorders, pagers and voicemail 
systems. When combined with National Semiconductor's 
CompactSPEECHTM embedded software and the 


'NSAM266 processor, customers can quickly bring to market 


systems capable of recording up to 15 minutes of audio on 


NSAM266 
“VOICE PROCESSOR 


a single 4 Mb device. Multiole NM29A040’s can be used to 
extend the record time. 

Digital imaging applications include FAX machines, han- 
dheld scanners .and digital cameras. Combining the 
NM29A040 with the CompactRISC family of embedded 
processors can enable complete solutions for image stor- 
age. 

Data logging applications can take advantage of the 
NM29A040’'s simple interface and nonvolatility to allow sim- 
ple 8-bit microcontroller based systems to have access to 
over 4 Mb of storage. The nonvolatility ensures data integri- 
ty in remote, battery powered applications. 


VFRO 

VF 
TP3054 
CODEC 


TL/D/12475-4 


FIGURE 1. Digital Audio Recording Solution 


TABLE I. Data Transfer Rates 


Transfer Rates 


Total Time . 


| Page | Block | Page | Block | 


Read 1.02 Mbits/s 2.61 Mbits/s 251 ps ¥en ms 
(127.5 kbytes/s) | (325.8 kbytes/s) 


| Erase | 


Write 406.3 kbits/s 536.4 kbits/s 630 ps 
(50.8 a (67.1 ese 


61.1 ms 





Device Operation 

The basic functions required for storing messages or im- 
ages on the NM29A040 are Page Read, Page Write, and 
Block Erase. These functions can be implemented by com- 
bining the different instructions for the NM29A040 in the 
following sequences. 


PAGE READ 


Page Read will read out the 32 bytes of a page for the 
specified address. To continue reading the page at the next 
address, an Increment command (90H) can be issued. In 
this way the system can avoid repeatedly using the three 
byte Set-Address command. The Increment command is 
then followed by the Read command and proceeds in the 
same manner as shown in Figure 2. 


SET ADDRESS 
BLOCK ADDRESS 
PAGE ADDRESS 


DATA-SHIFT-OUT 


# BITS TO READ 
MSB, BYTE 0 
' 


| z 
; ' 
TL/D/12475-5 


FIGURE 2. Page Read Sequence 
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PAGE WRITE 

Page Write sequence will write up to 32 bytes into a speci- 
fied page. Like the Page Read sequence, the Increment 
command can be used to quickly set the address to the next 
page for writing data sequentially into a block. — - ; 


SET ADDRESS 


BLOCK ADDRESS 
PAGE ADDRESS 


DATA-SHIFT-IN 


# BITS TO WRITE 
MSB, BYTE 0 





LSB, BYTE N 


WAIT tprocRAM 


TL/D/12475-6 


FIGURE 3. Page Write Sequence 
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Device Operation (continued) 


BLOCK ERASE 


The Block Erase sequence erases a specified block (4 kB) 
of data. Flash memory devices require that a block ‘be in an 
erased state prior to writing to a memory cell. In this man- 
ner, a block must be erased prior to the recording of any 
messages or storage of any images. 


BLOCK ADDRESS 
SECURITY CODE 
WAIT tgeRasE 


TL/D/12475-7 


FIGURE 4. Block Erase Sequence 
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Functional pescripnao 


ORGANIZATION 


The NM29A040 i is a 4-Mbit device organized as 128 blocks 
of 128 pages. A block is the smallest unit that can be erased 
and is 4 kbytes in size. Within a block are 16 master pages, 
each 256 bytes long. A master page is further segmented 
into 8 pages with each page being 32 bytes long..Read and 
write operations always operate on a page at a time. 


BLOCK ‘0 ; 
-BLOCK 1 
~~ prock 2. 


BLOCK 125 

BLOCK 126 

BLOCK 127 
(WRITE-ONCE BLOCK) 


FIGURE 5. Array Organization 


nace [nat Prete] ots [os [res [res Pr 


TL/D/12475-9 


yt 


TL/D/12475-8 





FIGURE 6. Block Organization 


WRITE ONCE BLOCK 


The NM29A040 contains 127 blocks (blocks 0 thru block 
126) which are fully accessible to the user for reading, writ- 
ing and erasing. The final block, number 127, has been set 
aside as a write once block. The pages in this block may 
only be written to once. Once the data is written, it may not 
be erased. In this manner, block 127 may be used for stor- 
ing system configuration information that cannot be lost. 





Instruction Set 
The NM29A040 has 12 instructions which are described in 
Table Il. All instructions are one byte long and specified in 
ihe following manner: 

MSB LSB 


~ bbb Ete fefe fo 
“ 7 6 5 4 3 2 1 0 


t INSTRUCTION - RESERVED BITS 


START OP-CODE (ALWAYS "0") 


BIT 
* TL70/12475~10 
FIGURE 7. Command Byte 
The MSB is always a ‘'1” and is considered the start bit. The 
next 4. bits are the instruction opcode. These instruction op- 
codes are listed in Table II. The final 3 bits are reserved and 
must always be ‘‘O”, Data input of a command other than 
those listed in Table Il is prohibited. Data may be corrupted 

if unapealiey commands are used. 


_ TABLE Il. Instruction Set 


laetstatus | 1 | 0000| 000 |. eon | 
Esra eta CTT 
Increment | 4° ]}0010] 000 | 90H 


98H 


Data-Shift-In 


oewswrod [1 [ors] 00 | een 
WiteEnable | 1 | 1100| 000 | EH 
Jwite disable | 1 [1101] 000 | esx 
write LastBlock| 1 | 1110] 000 | FO | 
[Read LastBlock| 1 | 1010] 000 | DOH 


GET-STATUS 


The Get-Status command allows the user to determine the 
status of the NM29A040. It may be issued whether the de- 
vice is busy or not. The output is a status byte which indi- 
cates the internal state of the Serial Flash. The output byte 
is defined as: 


PASS = 1 
FAIL = 0 


\ 
BIT 7 6 5 4 3 2 1 0 
SERRE 
tf 


READY = WRITE ENABLE = 1 
BUSY = 0 WRITE DISABLE = 0 


TL/D/12475-11 
FIGURE 8. Get-Status Byte 


Bit 7 of the status byte tells whether the device is busy 
performing an operation (write, erase, etc.) or is ready for a 
new command. Bit 6 tells if an operation just completed was 
performed successfully. Bit 5 tells if the device is in a write 
enabled or disabled mode. The remaining bits are reserved 
for future use and may appear as any value (‘1” or ‘‘0”). 
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Bit 7 of the status byte tells whether the device is busy 
performing an operation (write, erase, etc.) or is ready for a 
new command. Bit 6 tells if an operation just completed was 
performed successfully. Bit 5 tells if the device is in a write 
enabled or disabled mode. The remaining bits are reserved 
for future use and may appear as any value (‘1” or “O”). 

: GET-STATUS — 


OI Cs0H) 
STATUS BYTE 
» —_-an— 
_TL/D/12475~12 


FIGURE 9. Get-Status Sequence 


SET-ADDRESS 


The Set- Address command defines which page and block 
of the memory is affected by an operation. The Set-Address 
command is followed by two bytes, the first indicating the 
block number and the second indicating the page number. 
The block number chooses one of the 127 blocks while the 
page number chooses one of the 128 pages within the giv- 
en block. The Set-Address command is usually followed by 
a Read, Write, or Data-Shift-In command. Between the page 
address byte and the next command there is a delay of 
tsapp. The address that is selected remains the active ad- 
dress until a new Set-Address or Increment command is 
given. 


INCREMENT 


The increment command automatically increments the se- 
lected page address. When the Increment command is giv- 
en after the last page in a block has been read, the address 


will roll over to the first page in the following block. When 
the last page in Block 126 is read out followed by an Incre- 
ment command, the new address is indeterminate. 


ADDRESS NOW SET 
TO PAGE X+1 


INCREMENT OF 


:—G—_——— 


LAST BYTE OF 
PAGE X 


TL/D/12475-13 
FIGURE 10. Increment Sequence 


READ 


The Read command transfers data from the selected page 
of the memory array into the on-chip buffer. To read the 
data out through DO, the Read commandiis followed by the 
two byte Data-Shift-Out command. There is a delay of ta 
between the Read command and the Data-Shift-Out com- 
mand as the data is transferred from the array to the on-chip 
buffer. During ta the status byte will indicate that the part is 
busy. 


WRITE 


The Write command programs data from the on-chip buffer 
into a page in the memory array for the currently selected 
address. A security code 55H follows the Write command to 
ensure against accidental Writes. Get-Status may be used 
to ensure that the operation was successful. The Write com- 
mand will be ignored if Write-Enable has not been set. 
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NM29A040 


Instruction Set (continued) 


ERASE 


The Erase command erases a single block. The Erase com- 
mand is followed by a single byte telling. which block to 
erase. In this manner, no Set-Address sequence is required 
to erase a block. Following the block address byte is a sin- 
gle byte security code, 55H, that is used to prevent inadver- 
tent erasure. Get-Status may be used to check if the opera- 
tion was completed successfully. 


DATA-SHIFT-IN 


The Data-Shift-In command is used to send data into the 
on-chip buffer. The number of bits sent. into the buffer is 
determined by an 8-bit argument following the command. 
The argument is always 1 less than the actual number of 
bits to shift in. For example, to shift in all 32 bytes (256 bits), 
the argument would be FFH (255). To shift in just the first 4 
bytes (32 bits), the argument would be 1FH (31). Following 
the argument, the data is shifted in through DI. Data-Shift-In 
may come before or after the Set-Address sequence when 
performing a page write operation. 


DATA-SHIFT-OUT 


The Data-Shift-Out command is used to shift dats out of the 
on-chip buffer through DO. The number of bits sent out is 
determined by’ an 8-bit argument following the command. 
The argument is always 1 less than the actual number of 
bits to shift out. For example, to shift out all 32 bytes (256 
bits), the argument would be FFH (255). To shift out the first 
2 bytes (16 bits), the argument would be OFH (15). Follow- 
ing the argument, the data is shifted out through DO. 
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WRITE ENABLE 


The Write Enable command is used as a security check 
against inadvertant writes or erases to the device. When 
this command is issued, any subsequent Write or Erase 
commands proceed in the normal fashion. If the Write En- 
able command is not given or the device is in the Write 
Disable mode then a write to any page or erase to any block 
will not be allowed. Use the Get-Status command to deter- 
mine whether the device currently isin the Write Enabled or 
Disabled mode. The NM29A040 will always power up in the 
Write Disable mode. | 


WRITE DISABLE 


The Write Disable command is used to prevent inadvertant 
writes or erases. Once this command is executed, all subse- 
quent Write or Erase commands will not be ocean 


READ LAST BLOCK 


The Read Last Block command is used to read the contents 
of block 127. The Read Last Block operation procedes like 
a normal read operation except that the block number is 
ignored in the Set-Address sequence. The block address is 
automatically set to block 127. The Set Address command. 
is still necessary to set the page to be read. 


WRITE LAST BLOCK 


The Write Last Block command writes in a page of data to 
the currently selected page of Block 127. A Set-Address 
sequence and Data-Shift-In sequence must precede the 
Write Last Block command. Once the information has been 
written into the memory array, it may not be erased. © 





Notifications 


(1) Interruption by CS Going High 


When the NM29A040 begins reading a page from-the 
array (tp), writing a page to the array (tpRog), or erasing 
a block (tgeRase), the operation will complete regard- 
less of the state of CS. The CS pin may go high during 
these operations. If CS is held low during these opera- 
tions the DO pin will reflect the state of the operation 
with a low state (busy) while the operation is being exe- 
cuted. When the operation is completed, DO will pull 
high to reflect the ready state. 


(2) Device Reset 


The NM29A040 is reset whenever CS changes from low 
to high. The command register will be cleared at this 
point. As long as the device is powered, the data regis- 
ter will continue to hold whatever data is in the register. 

. To clear the data register, use the Data-Shift-In com- 
mand and shift in 33 bytes of “OOH”. The state of CS 

. does not affect.on-going operations as described in No- 
tification (1). 


Byte 0-7 


(3) Write Disable at Power-Up 


On power-up, the NM29A040 is set in the write disable 
mode. This prevents any spurious writes to the device. 
To enable writes or erases, the Write Enable (EOH) 
command must be given. 


Multiple Programs fo a Page 


It is possible to program a page more than one time 
between block erases. Between block erases a bit (cell) 
may only be programmed once. After a block is erased, 
all bytes will read as “FFH”. When less than 32 bytes 
need to be programmed into a page, the remaining 
bytes may be masked by writing “FFH” to those loca- 
tions. In this way the cells are not changed from their 
erased states. Later, these bytes can be programmed 
with the desired data. It is suggested that the number of 
writes to a page between block erasses be held to as 
_ few as possible. 


‘ Byte8-15 Byte 16-23 Byte 24-31 


maven 


Byte8-15 Byte 16-23 Byte 24-31 


Byte 0-7 
FFH 


2nd 
Program 


Data 


FFH FFH 


FIGURE 11. Multiple Page Program 


(5) Identification of Unusable Blocks 


The NM29A040 may contain unusable blocks. These 
unusable blocks are due to bit errors in the block. An 
unusable block will not affect adjacent blocks. The loca- 
tion of these blocks may be found pre-programmed in 
Block 127. Each page in Block 127 corresponds to a 
block in the array at a similar address. For example, 
- » Page 3 in Block 127 corresponds to Block 3. If Block 3 
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is a usable block, then all bytes in Page 3 of Block 127 will 
read out “FFH”. If Block 3 is an unusable block, then some 
of the bytes in Page 3 of Block 127 will read out data other 
than “FFH’. For customers using the NM29A040 with the 
NSAM266 speech processor, the embedded Compact- 
SPEECH embedded software automatically locates the un- 
usable blocks and works around these locations when per- 
forming Read, Write and Erase operations. 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 


Power Supply (Vcc) a —0.6V to 7.0V 
Input Voltage (Vin) —0.6V to 7.0V 
Input/Output Voltage (Vj/o) —0.6V to Voc £0.5V (<7V) 
Power Dissipation (Pp) 300 mW 
Soldering Temperature (Tsoider, 10 sec.) 260°C 
Storage Temperature (Tstg) ’ —55°C to + 150°C 
Operating Temperature (Topr) —40°C to + 85°C 


Recommended Operatin 

Conditions 
Lae Min Typ 

Power Supply (Vcc) 4.50 5.0 . 


DC Operating Characteristics (1, = 0°c to +70°C, Voc = 5V +10%) 


Symbol Parameter 
Input Leakage Current 
Output Leakage Current 
Operating Current Data Input/Output 
Programming Current 
Erasing Current 
Standby Current 
Standby Current 
High Level Output Voltage — 
Low Level Output Voltage 
High Level Input Voltage 
Low Level input Voltage 


* —2V (Pulse width <20 ns) 


AC Electrical Characteristics (1, = 0°c to +70°C, Voc = 5V +10%) 


Symbol Parameter 

fsk SK Clock Frequency 
tskH SK High Time 

tskKL SK Low Time 

tsxs SK Setup Time 

tcs Minimum CS High Time 
tcss CS Setup Time 

tois DI Setup Time 

tcsH CS Hold Time 

tolH DI Hold Time 

toF CS to DO in TRI-STATE® 
tpH DO Hold Time 

tpp Output Delay 


AC Test 


tsapD Set Address Time AC Test 
tproa Page Program Time 


tBERASE Block Erase Time 


tr Page Read Transfer Time 


Relative to CS Falling Edge 


Relative to SK Rising Edge 
Relative to SK Rising Edge 
Relative to SK Falling Edge 
Relative to SK Rising Edge 


Relative to SK Falling Edge 
Relative to SK Falling Edge 


+ 
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Max 
5.50 





Number of Valid Blocks 


The NM29A040 may contain unusable blocks. These unus- 
able blocks should not be used to store data. Notification (5) 
describes how to identify unusable blocks. 


| Symbol | ___Parameter__—_| Min | Typ | Max | Units | 
| Nve___| Number of Valid Blocks(1) TBD 


* Note 1: A valid block is a block having all 4096 bytes usable. An unusable block is a block in which 
_ one bit is unusable. 


ars Note 2: Not including Block 127. 





Timing Diagrams 


Synchronous Data Timing 


TL/D/12475-16 


Get Status Timing 


SQM dt A AaAnnnn MW 


Lsi sz. 1 s3 BSS SASSY = 
TL/D/12475-17 





Note: To avoid putting the device in an unknown state, DI should be held low when not clocking in data/commands. 


Set Address Timing 


TL/D/12475-18 
Note: CS may pull high during tsanp. ta, tpRoG, and tgeRase. However, DO will only reflect the status (ready/busy) while CS is low. 
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NM29A040 


Timing Diagrams (Continued) 


Read Timing 


DO = ele 107 [06 [05 J 04 | 03 | 


_TL/D/12475-19 


Write Timing 


i— pros 


— ‘perase 


TL/D/12475-20 


TL/D/12475-21 





PRELIMINARY 


AV rational Semiconductor 


NM28C64/C64L/C64A 
64k (8k x 8) Parallel Extended Voltage Range CMOS 
EEPROM 7 


General Description Features | 

The NM28C64/C64L/C64A are fast, single-power supply ™ Voltage Supply 
CMOS EEPROM organized as 8k by 8 bits. Both READ and — Full Read and Write operation 
WRITE modes function over the full Voc range of 2.7V- — C64: 4.5V to 5.5V 

5.5V. — C64L: 2.7V to 3.6V 

In-system programming of the part requires only a simple — C64A: 2.7 - 6.5V 

interface. On-chip address and data latches, self-timed write Low Power Dissipation 

cycle with auto-clear and Vcc power-up/down protection — 8 mA Active Current 
eliminate the need for extemal timing and protection hard- — 50 pA CMOS Standby Current 
ware, -Read Access Time 

DATA and Toggle-Bit Polling and a RDY/BUSY pin provide — 200 ns at 2.7V 

a convenient means for determining the beginning and end — 120 ns at 4.5V 

of the internal self-timed WRITE cycle. 32 Byte Page Write 

Both internal hardware and software WRITE protection are End of Write Detection 

provided. Page organization permits the loading of from one — DATA Polling on 1/07 


: ; F ; — Toggle Bit Polling on |/Og 
to 32 bytes into a data register, the entire page is pro- C 
grammed at one time in 10 ms. — READY/BUSY Open Drain Output 


Hardware Data Protection 
High Reliability CMOS Technology 
— Endurance 100,000 Cycles 
— Data Retention: 10 years 
m Low Voltage CMOS and TTL Compatible Inputs and 
Outputs _ 
w JEDEC Standard Byte-Wide Pinout 
m= Commercial and Industrial Temperature Ranges 


Block Diagram 


ADDR. BUFFER ROW 8,192 X 8 
AND LATCHES DECODER EEPROM 

ARRAY 
INADVERTENT 


WRITE HIGH VOLTAGE bead 
PROTECTION GENERATOR 


i 32 BYTE PAGE 
REGISTER 
1/0 BUFFERS 


DATA POLLING 
TOGGLE BIT AND 


RDY/BUSY LOGIC { ; 


1/00-1/07° 





ADDR. BUFFER COLUMN : 
AND LATCHES DECODER og ROY /BUSY 


TL/D/12398-1 
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NM28C64/C64L/C64A 


‘Pin Configurations 
DIP (N) 


| 


RDY /BUSY 
A12 

_ AT 
AB 

AS 

A4 

A3 

A2 

Al 

AO 


oon OD DO mB WwW BS 


TL/D/12398-2 


TSOP (T) Package Type | 


a 


Ag 

6. AB’ 

NC 

WE 

"Yee 
" RDY/BUSY — 
Ai2— 

A7 

AG 

AS 

A4 

A3 


oon 7H ee wn 


TL/D/12398-3 

.... Top View 

Ordering Information | 
Commercial Temperature Range (0°C to + 70°C) Extended Temperature Range (— 40°C to + 85°C). 


Order Number 4.5V-5.5V | _ Order Number 4.5V-5.5V 


'  NM28C64N28 mal | NM28C64EN28 
NM28C64T28 ___NM28C64ET28 


Order Number 2.7V-3.6V _ Order Number 2.7V~3.6V 


NM28C64LN28 ae NM28C64LEN28 
NM28C64LT28 _  NM28C64LET28 


-OrderNumber | :2.7V-5.5V]_ 


Order Number 2.7V-5.5V 


NM28C64AEN28 ' 
NM28C64AET28 





NM28C64AN28 ; 
_ NM28C64AT28 
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Functional Description 
DEVICE OPERATION 


Read Mode 


Data are transferred from the addressed memory location to 
the external data bus when WE is held HIGH, OE is held 
LOW, and CE is held LOW. The 2-line control architecture of 
the OE and CE pins eliminates bus contention in a system 
environment. When either the OE or CE lines are set HIGH, 
the NM28C64A releases the data bus: 


Write Mode 


A write cycle is initiated when both the WE and CE lines are 
LOW and OE is HIGH. The address is latched on the falling 
edge of either WE or CE, whichever occurs last. The data 
are latched on the tising edge of either the WE or CE, 
whichever occurs first. It takes approximately 10 ms for the 


write cycle to erase the addressed memory locations and * 


store the new data. 


Page Write 


From one to thirty-two bytes can be written to the selected 
page address (A5-A12) during any write operation. The 
page address is latched once the data-load cycle is started. 
The data latch loading may be intermpted in order to fetch 
data from another system location. However, data loading 
must continue again within the byte load cycle time (tgic), 
otherwise the internal programming cycle will begin. When 
returning to loading data into the latches, the page address 
is ignored because of the latched-page register. 


There are no page write window limitations; the page write. 


window can continue indefinitely as long as the tgaic max 
time is not exceeded. 


The program cycle first erases data located in the ad- 
dressed cells, then writes the new data into these ad- 
dressed cells. A page write does not rewrite the entire page, 
only those locations selected during data-latch loading. 


Write Abort 

During a data load cycle in preparation for programming, OE 
must be held at Viy. If OE is held LOW during the rising 

edge of CE (CE controlled WRITE), or WE (WE-controlled 

WRITE), the WRITE operation is aborted and the data latch- 

es are reset. 


RDY/BUSY 

The RDY/BUSY pin is an open drain output that monitor the 
status of a write cycle. The open drain connection allows for 
OR-tying several devices to the same RDY/BUSY pin. This 
output is’ actively pulled LOW during the write cycle and 
released at the end of the cycle. 

Additional methods for monitoring status and internal pro- 
gramming cycles are provided. — 


RESERVED 


~ LOW Veo DETECT 
TOGGLE BIT 
DATA POLLING 





TL/D/12398-5 
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Toggle Bit (1/06) 

The toggle bit (I/Og) toggles between ZERO and ONE on 
alternate READS while the NM28C64A performs an internal 
write cycle. After the write cycle is completed, |/Og stops 
toggling. 

DATA Polling (1/07) 


A third method for determining the end an internal program- 
ming cycle is DATA polling. This method allows the host to 
perform a simple bit test to determine whether the device is 
in an internal write cycle without the need for system inter- 
rupts or external hardware. 

After the initiation of the internal programming cycle, bit 7 of 
the last byte written is complemented and sent to I/O7. The 
host can read I/O7 to determine whether or not the device 
is in an internal write cycle. Upon completion of the write 
cycle, |/O7 provides the true value. 


Low Vcc Detect (I/Os) 


Once an internal write cycle is initiated, it continues to com- 
pletion even if the supply voltage falls below 2.0V (typical) 
during the cycle. In the event that Vcc does fall below 2.0V 
during the programming cycle, an internal latch is set. Its 
status can be polled by reading the state of I/Os. 

A high level on !/Os indicates that a sub-2.0V level was 
detected and programmed-data integrity may be suspect. 


Hardware Data Protection 


The device is protected from inadvertent memory writes by 

the following three hardware methods: 

1. Veco Sense: The write function is:inhibited if Vcc falls 
below 2.0V (typical), prior to the beginning of an internal 
write cycle. 

. Noise Protection: A write cycle will not be initiated if the 

_WE or CE LOW pulse is < 20 ns wide (typical). 

. Write Inhibit: Write cycles can be inhibited during power- 
on and power-off by holding any one or more of the fol- 
lowing pins to the indicated levels. 

(a) OE LOW 
(b) CE HIGH 
(c) WE HIGH 


Chip Erase 

The entire memory can be erased (set to logic ONE) by a 
single operation. To activate Chip Erase, OE must be raised 
to 12V +0.5V and all I/O pins set HIGH while CE and WE 
are simultaneously brought LOW. The erase operation oc- 
curs within 10 ms. 


Device Identification 


The user has an extra 32 bytes (one page) of memory avail- 
able for device identification. This extra memory can be 


. read or written to just like the regular memory array but only 


by setting address pin A9 to 12V +0.5V and selecting ad- 
dresses 1FEQh-1FFFh. 
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NM28C64/C64L/C64A 


Absolute Maximum Ratings (note) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Temperature Under Bias —55°C to + 125°C 
Storage Temperature —65°C to + 150°C 
All Input Voltage 
(including NC pins) 
with Respect to Ground 
Lead Temperature 
(Soldering, 10 seconds) 


—0.6V to Voc + 0.6V 


+300°C 


DC and AC Operating Range 


All Output Voltages with 
Respect to Ground 


Voltage on OE and AQ 
with Respect to Ground —0.6V to + 13.5V 


ESD Rating 2000V 


Note: Stresses beyond those listed under “Absolute Maxi- 
mum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions beyond those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


—0.6V to Voc + 0.6V 


NM28C64 |. NM28C64L NM28C64A 


Operating 


| comm. | o°c-70°C | oc-70rc | o*C-70°C 


Temperature (Case) | Indust. | —40°C-85°C | —40°C-85°C | —40°C-85°C 
Voc Power Supply 4.5V-5.5V 2.7V-3.6V 2.7V-5.5V 


Operating Modes 


Read 


| We | vo | Power | as | 


High Z 


| Standby | | 


[Read | Me | Me | Vm | Cor | Active | 


| Ow | Active | | 


| write CE controted) | uF | vm | vu | Ow | Active | | 


Read and Write Inhibit 
Output Disable Highz | | 
ChipErase* taveosv | uF | Ow=Vii | Active | | 


Chip 1D Read 
Chip iowrite | Vn | vm | Yu | Om 





| Active | | 


12V +0.5V 
12V +0.5V | 


Dout 


*OE must be raised to 12V prior to establishing the condition CE = WE = Vi, to initiate a chip-erase cycle. 


DC Characteristics 


Symbol Test Conditions | Min | Max 


Voc Active Current AC 


VoL Output Low Voltage . 


Vin = OV to Voc ; 
Vio = OV to Voc 
CE = Vcc 


f = 5 MHz; lout = 0mA;CE = Vit - 


lot = 2 mA for RDY/BUSY 


VoH Output High Voltage 
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lon = —100 pA 





Capacitance (¢ = 1.0 MHz, Ta = 25°C) 


F symbot | Gonation | Typ | wax | Unie | 
a 
Poet wor |e | 2] oF | 


AC Read Characteristics—NM28C64 


a OE toOutputDeey dt aav-sev | o || 0 
i [ outputHoldtom Adéross Change | asv-sev | o | |_| 
izGiciot) | CElowtoduputacivo | asv-sev [0 || 
ioiz Note) | CE LowtoOuiputacive | aav-ssv | 0 | | 
iz Notes 1.2) | CEvightoOuiptriot | aav-sev |__| |_| 
iouz Notes 1,2) | OE vighioOuiptrioat | asv-ssv_| | | 50 


AC Read Characteristics—NM28C64L 


es "Eto outpstDoay ——*dt—arv-aev | | —*a00 
i: [Eto OutputDely ———~+|_anv-aev | o | | 0 
is “T owtputHots tom Adtoss Change | 27v-aev [0 || 
iztuio) | CElowtocuiputacive | awv-sev | o | |_| 
io.z Noto) | CELowioOuiputacive | awv-sev |o | |__| 
iz Notes 1.2) | CEHahtoOuipettcat ‘| arv-eev || _+| | 
wane )5 | Seapenmmaren [eran [Tf a 


AC Read Characteristics—NM28C64A 


tacc Address to Output Delay eo a Gee De ea 
GE to Output Delay | 2r-aav | | | 200 | 

| 4sv-ssv | | | 120 | 

OE to Output Delay | aneaav | {| 80 

| asv-ssv | oo | | 50 | 


Output Hold from Address Change | an-aav | of 
| asvssv | | | 


tiz (Note 1) CE Low to Output Active | av-aav | oo | | | 
Pasv-sev | o | |_| 
toiz (Note 1) OE Low to Output Active | 2anv-aav | oo | [| 
| asv-ssv | oo | | 
tyz (Notes 1, 2) CE High to Output Float | an-aav | fc 
| | asv-ssv | | | 50 
tonz (Notes 1, 2) OE High to Output Float | an-4av | =f ss 
Pasv-ssv | | *+(| 0 _| 
Note 1: This parameter is characterized and is not 100% tested. 


Note 2: Output floating (High Z) is defined as the state when the external data line is no longer driven by the output buffer. 
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NM28C64/C64L/C64A 


AC Read Waveforms. 


tce 
a Me |e | 
HIGH Z , 


| : : TL/D/12398-6 
AC Write Characteristics _ . : 

Symbol 
et 
tay _-_|_ Address Hold Time aaa 

, Address Setup 

tcH Write Hold Time 
tcs 7 Write Setup Time 


tas 


tbo Data Hold — 
tos Data Setup Time 


toes 


OE High Setup Time 


WE Low to RSY/BUSY Low 


.Write Pulse Width (WE or CE) 
Byte Load Cycle Time 
tit Write Inhibit Period afterPowerUp | | os | Yt 


tRB 


toceH OE High Hold Time 


twp 
tBLc 
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AC Write Waveforms—WE Controlled 


ee 7 


a: LLG 


DATA OUT 
HIGH Z 


AC Write Waveforms—CE Controlled 


twe 


aa casa eee! 
anos na 


Se 
Ca. _ WEEZD 


toes 


Bare IN LL, DATA VALID a LLL L/L, 


DATA OUT 
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NM28C64/C64L/C64A 


Page Write Cycle 


twp 
os OCC" 
* ZX XX CE 


BYTE 0 BYTE 1 BYTE 1 BYTE N BYTE N+1 


TL/D/12398-9 


Data Polling V Waveforms (Note 1) 


voowess ON OLR XI ff 


TL/D/12398-10 





Toggle Bit Timing Diagram (note 1) 


Vep90/1099/P9987NN 


two 


*STARTING AND ENDING STATE OF 106 WILL VARY, DEPENDING UPON ACTUAL twee 
TL/D/12398-11 
Note 1: Polling operations are by definition read cycles and are therefore subject to read cycle timings 
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NM24C02L/C04L/CO8L/C16L 


AD national Semiconductor 


NM24C02L/CO4L/CO8L/C16L . 
2K-/4K-/8K-/16K-Bit Serial EEPROM 


General Description 

The NM24C02L/CO4L/CO8L/C16L devices are 2048/ 
4096/8192/16,384 bits, respectively, of CMOS non-volatile 
electrically erasable memory. These devices conform to all 
specifications in the 12C 2-wire protocol and are designed to 


minimize device pin count and simplify PC board layout re- 


quirements. 

This communication protocol uses CLOCK (SCL) and DATA 
1/0 (SDA) lines to synchronously clock data between the 
master (for example a microprocessor) and the slave 
EEPROM device(s). In addition, this bus structure allows for 
a maximum of 16K of EEPROM memory. This is supported 
by the NSC family in 2K, 4K, 8K and 16K devices, allowing 
the user to configure the memory as the application requires 
with any combination of EEPROMs (not to exceed 16K). 
National EEPROMs are designed and tested for applica- 
tions requiring high endurance, high reliability and low power 
consumption. 


Functional Diagram 


START 
i STOP 
fi LOGIC 
CONTROL 


SLAVE ADDRESS 


a REGISTER 
+ COMPARATOR E 
WORD 
ADDRESS 


COUNTER 


DEVICE ADDRESS BITS 


On 


(l2C Synchronous 2-Wire Bus) 


Features 
m Extended Operating Voltage: 2.5V:— 5.5V- > 


.m@ Low Power CMOS 


— 2 mA active current typical 
— 60 pA standby current typical 
m 2-wire |2C serial interface _ aa 
— Provides bidirectional data transfer protocol 
m Sixteen byte page write mode 
— Minimizes total write time per byte 
B Self timed write cycle 
— Typical write cycle time of 5 ms 
m Endurance: 106 data changes 
uw Data retention greater than 40 years 
m@ Packages available: 8 pin mini-DIP, 8 and 14 pin SO 


H.V. GENERATION 
TIMING 
& CONTROL 


START CYCLE 


£2 PROM 
16x 16x 8 
32 x 16x 8 
64x 16x 8 
128 x 16x 8 


DATA REGISTER 


TL/D/11738-1 
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Connection Diagrams 


Dual-In-Line Package (N) . - SO Package (M8) SO Package (M) 


ay, 
1 8 


2 NM24C02L 7 2 7 

NM24CO4L NM24C02L 
3 NM24CO08L 6 : 3 NM24CO4L 6 

NM24C16L ' : NM24CO8L 
4 5 4 5 NM24C16L 


TL/D/11738-2  TL/D/11738-3 
Top View Top View 


See NS Package Number NOSE (N) ‘ See NS Package Number MO8A (M8) 


‘19£9/1800/1F09/1200¢CWN 


TL/D/11738-4 
Top View 


See NS Package Number M14B (M) 


Pin Names 


Device Address Inputs 
| sci | Glockinput 


Ordering Information 


Commercial Temperature Range (0°C to + 70°C) 


Order Number 


" _NM24C02LN/NM24CO4LN/NM24CO08LN/NM24C16LN 
NM24C02LM8/NM24C04LM8/NM24CO8LM/NM24C16LM 





Extended Temperature Range (— 40°C to + 85°C) 


Order Number 


NM24CO02LEN/NM24CO4LEN/NM24CO8LEN/NM24C16LEN 
NM24C02LEM8/NM24C04LEM8/NM24CO8LEM/NM24C16LEM 
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NM24C02L/C04L/CO8L/C16L 


Standard Voltage (4.5V < Vcc < 5.5V) Specifications 


Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, '~ Ambient Operating Temperature - i 

please contact the National Semiconductor Sales ‘NM24C02L/C04L/CO8L/C16L . O°Cto +70°C 
Office/Distributors for availability and specifications. NM24C02LE/CO4LE/CO8LE/C1I6LE —40°C to +85°C 
Ambient Storage Temperature —65°C to + 150°C NM24C02LM/CO4LM/CO8LM/C16LM : . 
All Input or Output Voltages - (Mil. Temperature) —§5°C to + 125°C 


with Respect to Ground +6.5V to —0.3V Positive Power Supply (Vcc) 4.5V to 5.5V 


Lead Temperature 
(Soldering, 10 seconds) +300°C 


ESD Rating 2000V min 


DC and AC Electrical Characteristics vc, = 5v +10% unless otherwise specified 


: Limits 
Parameter Test Conditions Typ 
(Note 1) 


| ActivePowerSupply Current | fs. = 100KH2 || 
| StandbyCurent__ | Vin= GNDorVoo | 
| inputLeakage Curent | Viv=GNDtoVoo | 
| OutputLeakage Curent | Vour=GNDtoVoc | 
| inputtowVoltage | | 
| inputHigh Voltage | | Vo X07 
| OutputLowvottage | tou = ama | 


Capacitance Ta = 25°C, f = 1.0 MHz, Voc = 5V a 


Conditions | Max 
Ci/o (Note 2) Input/Output Capacitance (SDA) _ | Wwo=o | 8 | 
Cin (Note 2) Input Capacitance (A0,A1,A2,SCL) | Vn=ov > | 6 | 


AC Conditions of Test 


Input Pulse Levels - Voc X 0.1 to Veo X 0.9 
Input Rise and 

Fall Times 

Input and Output ; 

Timing Levels 
Output Load 1 TTL Gate and 


C. = 100 pF 


Note 1: Typical values are for Ta = 25°C and nominal supply voltage (5V). 
Note 2: This parameter is periodically sampled and not 100% tested. 
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LOW VOLTAGE (2.5V < Vcc < 4. ra SPECIFICATIONS 
Read and Write Cycle Limits 


Symbol 
fscL SCL Clock Frequency . 
T; . Noise Suppression Time . 
Constant at SCL, SDA Inputs 
taa SCL Low to SDA Data Out Valid 


teuF Time the Bus Must Be Free 
before a New Transmission 
Can Start 


tHO:STA 
tLow 
tuiGH 
= (fora betes Start Condition) 
tsuiDAT 


ta SDA and SCL Rise Time - 
te SDA and SCL Fall Time 


tsu:sto Stop Condition Setup Time 


1919/7809/1709/1200 PCN 


ns 
ia 
BS 


pS 

Pe 
us 
ps 
ps 
ns 


pS 
ns 


N 


pS 
ns 


toH : Data Out Hold Time 
- twr (Note 3) Write Cycle Time 


a) @ 
~ 
4 ~ 


= 
ol 


ms 


Note 3: The write cycle time (tyr) is the time from a valid stop condition of a write sequence to the end ot the internal erase/program cycle. During the write cycle, 
the NM24CxxL bus interface circuits are disabled, SDA is allowed to remain high per the bus-level pull-up resistor, and the device does not respond to its slave 
address. 


Bus Timing 


y, 


{i 
lo tsu:DAT tsu:sto ee, ’ 


= KEXXKRXXKLY -——— 








TL/D/11738-5 
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NM24C02L/C04L/CO8L/C16L 


Read and Write Cycle. Limits (4.5v < vec < 5.5v) 


Symbol 
fscL _ SCL Clock Frequency 
T; Noise Suppression Time 

Constant at SCL, SDA Inputs 
taa SCL Low to SDA Data Out Valid 


tur Time the Bus Must Be Free 
before a New Transmission 
Can Start 


DSTA 
tLow 
tWiGH 
(fora nee Start Condition) 
tHD:DAT 
tsUDAT 
tn | 


te SDA and SCL Fall Time 
tsu-sto Stop Condition Setup Time 


too Data Out Hold Time 


bh 


al» : 
oN N 


oO 


twr (Note 3) - Write Cycle Time 


ns 


pS 


BS 


pS 
ps 
ps 
ps 


ps 
ns 
"ws 
ns 
ps 
ns 


ms 


Note 3: The write cycle time (twp) is the time from a valid stop condition of a write sequence to the end ot the internal erase/program cycle. During the write cycle, 
the NM24CxxL bus interface circuits are disabled, SDA is allowed to remain high per the bus-level pull-up resistor, and the device does not respond to its slave 


address. 
Bus Timing 


Ow 
, 





aut XO) oe 
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AE tsy:DaT ‘su:sto J — 


TL/D/11738-6 





Bus Timing (Continued) 


As mentioned, the |2C bus allows synchronous bidirectional 

communication between transmitter/Receiver using the WORD 
SCL (clock) and SDA (Data I/O) lines. All communication PAGE 
must be started with a valid START condition, concluded 

with a STOP condition and acknowledged by the Receiver 

with an ACKNOWLEDGE condition. 

In addition, since the I2C bus is designed to support other 5 are 
devices such as RAM, EPROM, etc., the device type identifi- PAGE BLOCK 2,048 (2K) bits organized into 16 

er string must follow the START condition. For EEPROMs, _| Pages of addressable memory. 

this 4-bit string is. 1010. oP (8 bits) x (16 bytes) x (16 pages) = 
As shown below, the EEPROMS on the I2C bus may be . 2,048 bits. 

configured in any manner required, providing the total mem- MASTER - Any l2C device CONTROLLING the 
ory addressed does not exceed 16K (16,834 bits). EEPROM transfer of data (such as a: - ; 
memory addressing is controlled by two methods: microprocessor). 


Hardware configuring the AO, A1 and A2 pins (Device SLAVE Device being controlled (EEPROMs 
Address pins) with pull-up or pull-down resistors. ALL | are always considered Slaves) 
UNUSED PINS MUST BE GROUNDED (Tied to Vss). - 


° Software addressing the required PAGE BLOCK within TRANSMITTER | Device currently SENDING data on 


the device memory array (as sent in the Slave Address the bus (may be either a Master OR 
string). . Slave). . 


Addressing an EEPROM memory location involves sending RECEIVER | Device currently receiving data on 
a command string with the following information: the bus (Master or Slave). 


[DEVICE TYPE]—[DEVICE ADDRESS]—[PAGE BLOCK 
ADDRESS]—[BYTE ADDRESS] 


16 sequential addresses (one byte 
each) that may be programmed 
during a “Page Write” programming 
‘cycle. 


"19-9/1809/109/120072INN 


Example of 16K (Maximum Size) of Memory on 2-Wire Bus 


NM24CO2L NM24CO2L NM24CO4L NM24CO8L 
AO Al A2 Vgg AQ Al A2 Veg J AO Al A2 Vgg AO Al A2 Veg 


rT Ca. oe 
TO Vog OR Veg TO Veg OR Veg TO Veg OR Vg 
TL/D/11738-7 
Note: The SDA pull-up resistor is required due to the open-drain/open-collector output of 12C bus devices. 
Note: The SCL pull-up resistor is recommended because of the normal SCL line inactive “high” state. 
Note: It is recommended that the total line capacitance be less than 400 pF. 
Note: Specific timing and addressing considerations are described in greater detail in the following sections. 


pa | 2048 Bits 
nm2acoa. | Vs _| 4096 Bits 








| at 
DA 
Vss eee 
s re ae 


NM24C16L 


DA: Device Address 


16,384 Bits 
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NM24C02L/CO4L/CO8L/C16L 


Pin Descriptions 


SERIAL CLOCK (SCL) 


The SCL input is used to clock 44 data into and out of the 
device. 


SERIAL DATA (SDA) 


SDA is a bidirectional pin used to transfer data into and out 
of the device. It is an open drain output and may be wire- 
ORed with any number of open drain or open collector out- 
puts. : 


DEVICE ADDRESS INPUTS (AO, A1, A2) 


Device address pins AO, A1 and A2 are connected to Vcc 
or Vsg to configure the EEPROM address. The following 
table (Table A) shows the active pins across the NM24CxxL 
device family. - 


’ TABLE A 


Caines [no [ai | eterna | 


wmeacoat| x | x |aDR]2t= 2 (2)x(8K) = 16K | 
Inmeacrat | x | x | x |20= 1 (tie = 16K 


ADR: Denotes an active pin used for device addressing 
X: Not used for addressing (Must be tied to Ground/Vgss) 





Write Cycle Timing 


SCL 


8th BIT . 


DATA STABLE 


FIGURE 1. Data Validity 


STOP 
CONDITION . 


DATA 


Device Operation 


The NM24CxxL supports a bidirectional bus oriented proto- 
col. The protocol defines any device that sends data onto 
the bus as a transmitter and the receiving | device as the 
receiver. The device’ controlling the transfer is the master 
and the device that is controlled is the slave. The master will 
always initiate data transfers and provide the clock for both 
transmit and receive operations. Therefore, the NM24CxxL 
will be considered a slave in all applications. — 


CLOCK AND DATA CONVENTIONS | ws 

Data states on the SDA line can shane only: sing SCL 
LOW. SDA state changes during SCL HIGH are reserved for 
indicating start and stop conditions. Refer to Figures 7 and 2. 


START CONDITION 

All commands are preceded by the start condition, which i is 
a HIGH to LOW transition of SDA when SCL is HIGH. The 
NM24CxxL continuously monitors the SDA and SCL lines 
for the start condition and will not respond to any command 
until this condition has been met. 


STOP CONDITION | 

All communications are terminated by a stop ondition: 
which is a LOW to HIGH. transition. of SDA when SCL is 
HIGH. The stop condition is also used by the NM24CxxL to 
place the device in the standby power mode. 


START 
CONDITION 


_NM24C02L/CO4L/COBL 
ADDRESS 
TL/D/11738-58 


i} 
i} 
t 
‘ 


CHANGE 


TL/0/11738-9 





START BIT 


STOP BIT TL/D/11798-10 


FIGURE 2. Definition of Start and Stop 
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Device Operation (Continued) 


SCL FROM 
MASTER 


DATA 
OUTPUT 
FROM 

TRANSMITTER 


DATA 
OUTPUT 
FROM 
RECEIVER 


START 


| 


! 

1 

1 
ACKNOWLEDGE 


TL/D/11738-11 


FIGURE 3. Acknowledge Response from Receiver 


ACKNOWLEDGE 


Acknowledge is a software convention used to indicate suc- 
cessful data transfers. The transmitting device, either mas- 
ter or slave, will release the bus after transmitting eight bits. 
During the ninth clock cycle the receiver will pull the SDA 
line LOW to acknowledge that it received the eight bits of 
data. Refer to Figure 3. 

The NM24CxxL device will always respond with an acknowl- 
edge after recognition of a start condition and its slave ad- 
dress. If both the device and a write operation have been 
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selected, the NM24CxxL will respond with an acknowledge 
after the receipt of each subsequent eight bit word. 


In the read mode the NM24CxxL slave will transmit eight 
bits of data, release the SDA line and monitor the line for an 
acknowledge. If an acknowledge is detected and no stop 
condition is generated by the master, the slave will continue 
to transmit data. If an acknowledge is not detected, the 
slave will terminate further data transmissions and await the 
stop condition to return to the standby power mode. 





1919/1809/1%09/1200 PCN 





NM24C02L/C04L/CO8L/C16L 


Device Addressing 
Following a start condition the master must output the ad- 


dress of the slave it is accessing. The most significant four ~ 


bits of the slave address are those of the device type identi- 
fier (see Figure 4). This is fixed as 1010 for all four devices: 
NM24C02L, NM24CO04L, NM24CO8L and NM24C16L. 
DEVICE TYPE DEVICE 
IDENTIFIER ADDRESS 


NM24CO2L] 1 0 1 0 A2.A1 AO R/WI (LSB) 


TL/D/11738-12 


DEVICE TYPE DEVICE 
IDENTIFIER ADDRESS 
eon A 


AO R/W (LSB) 


we 
PAGE 

BLOCK ADDRESS 

TL/D/11738-13 


NM24CO4L] 1 0 1 0 A2 


DEVICE TYPE DEVICE 
IDENTIFIER ADDRESS 
| rene eee | too, 


AO R/W] (LSB) 


[ ene 
PAGE 
BLOCK ADDRESS 
TL/D/11738-14 


NM24CO8L | 1 0 1 QO A2° Al 


DEVICE TYPE 
IDENTIFIER 
SSS 


NM24C16L| 1 0 1 #O A2 A1 AO R/Wi (LSB) 


Se 
PAGE 
BLOCK ADDRESS 
TL/D/11738-15 


FIGURE 4. Slave Addresses 


DEVICE ADDRESSING 


Refer to the following table ior Slave Addresss string de- 
tails: 


Number of 
Page Block Addresses 
nea a eee 


INweacoat|alalal + em [one | 

weacoatefalal 2 ao | o + | 
eA] 4 ex | oo orto 
weacret| P]e| P| 8 cer) ooo oor o10 018. 41 


A: Refers to a hardware configured Device Address pin 
P: Refers to an internal PAGE BLOCK memory segment 
All 120 EEPROMs use an internal protocol that defines a 
PAGE BLOCK size of 2K bits (for Word addresses 0000 
through 1111). Therefore, address bits AO, A1 or-A2 (if des- 
ignated “P”) are used to access a PAGE BLOCK in con- 


* junction with the Word address used to access any individu- 
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al data byte (Word). 


The last bit of the slave address defines whether a write or 
read condition is requested by the master. A ‘‘1” indicates 
that a read operation is to be executed, and a “0” initiates 
the write mode. 


A simple review: After the NM24C02L/CO4L/COBL/C16L 
recognizes the start condition, the devices interfaced to the 
12C bus wait for a slave address to be transmitted over the 
SDA line. If the transmitted slave address matches an ad- 
dress of one of the devices, the designated slave pulls the 
line LOW with an acknowledge signal and awaits further 
transmissions. 





Write Operations 


BYTE WRITE 


For a write operation a second address field is resumed 
which is a word address that is comprised of eight bits and 
provides access to any one of the 256 words in the selected 
page of memory. Upon receipt of the word address the 
NM24CxxL responds with an acknowledge and waits for the 
next eight bits of data, again, responding with an acknowl- 
edge. The master then terminates the transfer by generat- 
ing a stop condition, at which time the NM24CxxL begins 
the internal write cycle to the nonvolatile memory. While the 
internal write cycle is in progress the NM24CxxL inputs are 
disabled, and the device will not respond to any requests 
from the master. Refer to Figure 5 for the address, acknowl- 
edge and data transfer sequence. 


PAGE WRITE 


The NM24CxxL is capable of a sixteen byte page write oper- 
ation: It is initiated in'the same manner as the byte write 
operation; but instead of terminating the write cycle after the 
first data: word is tranferred, the master can transmit up to 
fifteen more words. After the receipt of each word, the 
NM24CxxL will respond with an acknowledge. 


BUS ACTIVITY: 
MASTER 


SLAVE 
ADDRESS 


SDA LINE 


BUS ACTIVITY: 
NM24CXXL 


FIGURE 5. Byte Write 


BUS ACTIVITY: . 
MASTER 


SLAVE 


ADDRESS WORD ADDRESS (n) 


After the receipt of each word, the internal address counter 
increments to the next address and the next SDA data is 
accepted. If the master should transmit more than sixteen 
words prior to generating the stop condition, the address 
counter will ‘‘roll over” and the previously written data will 
be overwritten. As with the byte write.operation, all inputs 
are disabled until completion of the internal write cycle. Re- 
fer to Figure 6 for the address, acknowledge and data trans- 
fer sequence. 


ACKNOWLEDGE POLLING 


Once the stop condition is issued to indicate the end of the 
host's write operation the NM24CxxL initiates the internal 
write cycle. ACK polling can be initiated immediately. This 
involves issuing the start condition followed by the slave 
address for a write operation. If the NM24CxxL is still: busy 
with the write operation no ACK will be returned. If the 
NM24CxxL has completed the write operation an ACK will 
be returned and the host can then proceed with the next 
read or write operation. 


WORD 


ADDRESS 


TL/D/11738-16 


DATA n + 1 DATA n + 15 


aTiteaal eeeaeea | bbenenea | beScaenT 5) eeene 


BUS ACTIVITY: ou 
NM24CXXL . v4 : 


K 
TL/D/11738-17 


FIGURE 6. Page Write 
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NM24C02L/CO04L/CO8L/C16L 


Read Operations 


Read operations are initiated in the same manner as write 
operations, with the exception that the R/W bit of the slave 


' address is set to a one. There are three basic read opera- 


tions: current address read, random read and sequential 
read. : 


CURRENT ADDRESS READ 


Internally the NM24CxxL contains an address counter that 
maintains the address of the last word accessed, incre- 
mented by one. Therefore, if the last access (either a read 
or write) was to address n, the next read operation would 
access data from address n + 1.-Upon receipt of the slave 
address with R/W set to one, the NM24CxxL issues an ac- 
knowledge and transmits the eight bit-word. The master will 
not acknowledge the transfer but does generate a stop con- 
dition, and. therefore the NM24CxxL discontinues tranmis- 
sion. Refer to Figure 7 for the. sequence of address, _ac- 
knowledge and data transfer. ‘ 


RANDOM READ 


Random read operations allow the master to access any 
memory location in a random manner. Prior to issuing the 
slave address with the R/W bit set to one, the master must 
first perform a ‘‘dummy” write operation. The master issues 
the start condition, slave address and then the word ad- 
dress it is to read. After the word address acknowledge, the. 


s 

; T 

BUS ACTIVITY: A SLAVE 
R 


MASTER - : 


*. ADDRESS ~ 


—eoOo 


SDA LINE s| 


BUS ACTIVITY: 
NM24CXXL 


master immediately reissues the start condition and the 
slave address with the R/W bit set to one. This will be fol- 
lowed by an acknowledge from the NM24CxxL and then by 
the eight bit word. The master will not acknowledge the 
transfer but does generate the stop condition, and therefore 
the NM24CxxL discontinues transmission. Refer to Figure 8 
for the address, acknowledge and data transfer sequence. 


SEQUENTIAL READ 


Sequential reads can be initiated as either a current address 
read or random access read. The first word is transmitted in 
the same manner as the other read modes; however, the 
master now responds with an acknowledge, indicating it re- 
quires additional data. The NM24CxxL continues to output 
data for each acknowledge received. The read operation is 
terminated by the master not responding with an acknowl- 
edge or by generating a stop condition. 


The data output is sequential, with the data from address n 
followed by the data from n + 1. The address counter for 
read operations increments all word address bits, allowing 
the entire memory contents to be serially read during one 
operation. After the entire memory has been read, the coun- - 
ter “rolls over” and the NM24CxxL continues to output data 
for each acknowledge received. Refer to Figure 9 for the 
address, acknowledge and data transfer sequence. 


Ss 
T. 
0: 
Pp 


A 
c DATA 


K TL/D/11738-18 


FIGURE 7. Current Address Read 


SLAVE 


‘BUS ACTIVITY: 
_ ADDRESS 


MASTER 
SSS 


SDA LINE s| pag 


A 
BUS ACTIVITY: c 
NM24CXXL K 


ADDRESS 


WORD 


— eee 


- ADDRESS 


s 

Tr, 4 

A SLAVE 
R 
_e_—_—_—SSS 


A. 
c 
K 


TL/D/11738-19 


FIGURE 8. Random Read 


BUS ACTIVITY: 


SLAVE 
MASTER ; 


A 
ADDRESS c 
—— K 


SDA LINE 


A 
Cc 
K 


ag Seo SG0dM NRDEEREAT EnapOREN IIL DRRGRORAL 


A 
Cc 


A—_—— CO —n—nM a eee” ———— ee 


BUS ACTIVITY: 
NM24CXXL K 


DATA n + 1 


DATA n + 2 DATA n + x 


TL/D/11738~20 


FIGURE 9. Sequential Read 
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Read Operations (continued) 


MASTER an MASTER 
TRANSMITTER/ TRANSMITTER/| | TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER 


TL/D/11738-21 


FIGURE 10. Typical System Configuration 
Note: Due to open drain configuration of SDA, a bus-level pull-up resistor is called for, (typical vatue = 4.7 kM) 
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NM93C06L/C46L/C56L/C66L 


AD national Semiconductor 


NM93CO6L/C46L/C56L/C66L. 
256-/1024-/2048-/4096-Bit Serial EEPROM. 
with Extended Voltage (2.0V t0.5.5V) 
(MICROWIRE™ Bus Interface) — 


General Description - . Features 


The | NM93CO6L/C46L/C56L/C66L devices are @ 2.0V to 5.5V operation in Read mode 
256/1024/2048/4096 bits, respectively, of non-volatile mm 2.5V to 5.5V operation in all other modes 
electrically erasable memory divided into 16/64/128/256 x Typical active current of 400 A; Typical standby 
16-bit registers (addresses). The NM93CxxL Family func- current of 25 pA 
tions in an extended voltage operating range, requires only No erase required before write 
a single power supply and is fabricated using National Semi- Reliable CMOS floating gate technology 
conductor s floating gate CMOS technology for high reliabili- MICROWIRE compatible serial I/O 
ty, high endurance and low power consumption. These de- Self-timed : 
vices are available in an SO package for small space con- . sume presen bis ; 

Device status during programming mode 


siderations. 
The EEPROM Interfacing is MICROWIRE compatible for 40 years data retention 
Endurance: 106 data changes 


simple interface to standard microcontrollers and micro- 

processors. There are 7 instructions that control these de- Packages available: 8-pin SO, 8-pin DIP 
vices: Read, Erase/Write Enable, Erase, Erase All, Write, 

Write All, and Erase/Write Disable. The ready/busy status 

is available on the DO pin during programming. 


Block Diagram 


INSTRUCTION 
DECODER, 


INSTRUCTION CONTROL LOGIC, 
P| REGISTER p] AND CLOCK 
GENERATORS. 


ADDRESS HIGH VOLTAGE 
REGISTER GENERATOR 
AND 
PROGRAM 
TIMER 


DECODER EEPROM ARRAY 
1 OF 16/64/128/256 (16/64/128/256) x 16 
READ/ WRITE AMPS 
DATA IN/ OUT REGISTER 
16 BITS 


DATA OUT 
BUFFER 


TL/D/10045-1 
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Connection Diagrams 
Dual-In-Line Package (N) Pin Names 


and 8-Pin SO (M8) | Chip Select y 
ay, Serial Data Clock 


Voc 


NC 
GND 


Serial Data Output 


NC a ae Serial Data Input 
Power Supply 


TL/D/10045-2 
Top View 


NS Package Number NO8E or MO8A 


1999/19S9/19790/1909E6NN 


Ordering Information 
Commercial Temp. Range (0°C to + 70°C) 


Order Number 


NM93CO6LN/NM93C46LN 
NM93C56LN/NMS3C66LN 

_ NM93CO6LM8/NM93C46LM8 
NM93C56LM8/NM93C66LM8 


Extended Temp. Range (— 40°C to + 85°C) 


Order Number 


NM93CO6LEN/NM93C46LEN 
NM93C56LEN/NMS3C66LEN 
NM93CO6LEM8/NM93C46LEM8 
NM93C56LEM8/NM93C66LEM8 


Alternate (Turned) SO Pinout 
Order Number 





NM93CO6TLM8/NM93C46TLM8/NM93C56TLM8 
NMS3CO6TLEM8/NM93C46TLEM8/NM93C56TLEM8 


Alternate SO Pinout (TM8) 


Se, 
NC 41 NC 


Yoo 42 GND 
cs—43 bo 
sk = 4 DI 





TL/D/10045-12 
NS Package Number M08A 
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NM93C06L/C46L/C56L/C66L 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Ambient Storage Temperature —65°C to + 150°C 
All Input or Output Voltages +6.5V to —0.3V 
. with Respect to Ground : : 
Lead Temp. (Soldering, ‘10 sec.) 300°C 
ESD Rating gt ’  2000V 


Operating Conditions 


Ambient Operating Temperature. 
NM93CO6L-NM93C66L o°C to + 70°C 
NM93CO6LE-NM93C66LE — 40°C to +85°C 


Power Supply (Vcc) Range 


Read Mode 


2.0V to 5.5V 


Bulk (ERAL/WRALL) Programming - *  3.0V to 5.5V | 


All Other Modes 


: 2.5V to 5.5V 


DC and AC Electrical Characteristics: 2V < Vec < 4.5V> 


Symbol Parameter Part Number | Conditions = 
CS = Vip, SK = 250 kHz 


ICCA Operating Current 
locs Standby Current 


NL Input Leakage 
lot Output Leakage ~ 


VIL Input Low Voltage 
Vin Input High Voltage 


VoL Output Low Voltage 
Vou Output High Voltage 


fsx SK Clock Frequency 
tsKH SK High Time 

tskL SKLowTime ° 
tsks SK Setup Time © 


tos MinimumCS | 
Low Time 


toss CS Setup Time 

{pH DOHoldTime = 
tois DI Setup Time 

tcsH CS Hold Time 

tolH DI Hold Time 

tpp1 Output Delay to “1” 
tppo Output Delay to “0” 
tsv CS to Status Valid 


tor CS to DO in 
TRI-STATE® 


twp Write Cycle Time 


Vin = OV to Voc 
(Note 4) ; 


lo. = 10 pA. 
lon = —10 pA 
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SK Must Be at Vi, for 
‘’ tsks before CS goes high 


5 
> 


—0.1 0.15 Voc 
0.8 Vcc Voc + 1 
0.1 Vcc 

0.9 Vcc 


= 
> 


70 
| 04 
Le 
| 04 
Pot 
Ee all 
a 
re 





DC and AC Electrical Characteristics: 4.5V < Voc < 5.5V 


PartNumber | _—Conditions_—| 
CS = Vin, SK = 1 MHz 


Vin = OV to Voc 
(Note 4) 


Symbol Parameter 
Icoca Operating Current 
Iocs Standby Current 


lit Input Leakage 
lo Output Leakage 


Vit Input Low Voltage 
Vin Input High Voltage 


Vout Output Low Voltage 
VouHi Output High Voltage 


lo, = 2.1mA 
lou = —400 pA 


i] 
> 


VoL2 Output Low Voltage 
VoHe2 Output High Voltage 


lo. = 10 pA 
lo = —10yA Vcc — 0.2 


fsx SK Clock Frequency (Note 5) 
tsky SK High Time NM93C06L-NM93C66L 
NM93CO6LE-NM93C66LE 
tsk. | SK Low Time Pe ae | 
SK Must Be at Vj, for 
tsxs before CS goes high 
(Note 2) 


a te 


tsxs SK Setup Time 


tos Minimum CS 
Low Time 


toss CS Setup Time 
tpH DO Hold Time 


. _ 


tois Di Setup Time NM93CO6L-NM93C66L 100 
NM93CO6LE-NM93C66LE ~ 200 


tcsH CS Hold Time 

tolH DI! Hold Time 

tpp1 Output Delay to “1” 
tppo . Output Delay to “0” 
tsy _—si'|:-:« CS to Status Valid 


tor CS to DO in 
TRI-STATE 


twp Write Cycle Time 
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NM93CO06L/C46L/C56L/C66L 


Capacitance (note 3) 
Ta = 25°C, f = 1 MHz 


[syaies| test [ye [we | a 


[Cour | OutputCapacitance | | 5 | oF | 


[Cw | InputCapacitance | | 5 | oF _| 


Note 1: Stress above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and operation of the 


conditions for extended periods may affect device reliability. 


- device at these or any other conditions above those indicated in the operational sections of the specification is not eee Exposure 0 absolute maximum rating 


Note 2: CS (Chip Select) must be brought tow (to Vj.) for an interval of tcg in order to reset all internal device registers (device reset) prior to beginning another 


‘opcode cycle (this is shown in the opcode diagrams in the following pages). 


Note 3: This parameter is periodically sampled and not 100% tested. 
Note 4: Typical leakage values are in the 20 nA range. 


Note 5: The shortest allowable SK clock period = 1/fsx (as shown under the fsx parameter). Maximum SK clock speed (minimum SK period) is determined by the 
interaction of several AC parameters stated in the datasheet. Within this SK period, both tsxq and tx, limits must be observed. Therefore, it is not allowable to Leet 


1/tsk = tskH (minimum) + tskL (minimum) for shorter SK cycle time operation. 


Vit/Vin Vir/Vin oe Vot/Vou / 
_ Input Levels Timing Levels Timing Levels 
0.3V/1.8V oew/iev |. 
* 0.4V/2.4V 1.0V/2.0V 0.4V/2.4V 


AC Test Conditions 


Vcc Ratine 


2.0V < Voc < 4.5V 


(Extended Voltage Levels) 


4.5V < Vcc < 5.5V 
(TTL Levels) 





» loL/lon 


~2.1 mA/0.4 mA 


Output Load: 1 TTL Gate (CL = 100 pF) 


Functional Description 
The NM93CO6L/C46L/C56L/C66L device have 7 instruc- 


tion is a ‘1” and is viewed as a start bit in the interface 
sequence. For the C06 and C46 the next 8 bits carry the op 
code and the 6-bit address for register selection. For the 
C56 and C66 the next 10-bits carry the op code and the 8- 
bit address for register selection. . 


Read (READ): 


The READ instruction outputs sorial data on the DO pin. 
After a READ instruction is received, the instruction and ad- 
dress are decoded, followed by data transfer from the se- 
lected memory register into-a 16-bit serial-out shift register. 
A dummy bit (logical 0) precedes the 16-bit data output 
string. Output data changes are initiated by a low to high 
transition of the SK clock. 


Erase/Write Enable (WEN): 


When Vcc is applied to the part, it powers up in the Erase/ 
Write Disable (WDS) state. Therefore, all programming 
modes must be preceded by an Erase/Write Enable WEN 


__ tions as described below. Note that the MSB of any instruc- . 
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instruction. Once an Erase/Write Enable instruction is exe- 
cuted, programming remains enabled until an Erase/Write | 
Disable (WDS) instruction is executed or Vcc is scomplstely 
removed from the part. 


- Erase (ERASE): 


The ERASE instruction will program all bits in the selected 
register to the logical ‘1” state. CS is brought low. following 
the loading of the last address bit. This falling edge of the” 
CS pin initiates the self-timed programming cycle. , 


The DO pin indicates the READY/BUSY status of the chip if 
CS is brought high after the tcs interval. DO = logical ‘0” 
indicates that programming is still in progress. DO = logical 
“4” indicates that the register, at the address specified in 
the instruction, has been erased, and the part is ready for 
another instruction. 





Functional Description (continued) 
Write (WRITE): 


The WRITE instruction is followed by 16 bits of data to be 
written into the specificed address. After the last bit of data 
is put on the data-in (Dl) pin, CS must be brought low before 
the next rising edge of the SK clock. This falling edge of CS 
initiates the self-timed programming cycle. The DO pin indi- 
cates the READY/BUSY status of the chip if CS is brought 
high after the tcg interval. DO = logical 0 indicates that 
programming is still in progress. DO = logical 1 indicates 
that the register at the address specified in the instruction 
has been written with the data pattern specified in the in- 
struction and the part is ready for another instruction. 


Erase All (ERAL): 


The ERAL instruction will simultaneously program all regis- 
ters in the memory array and set each bit to the logical “1” 


state. The Erase All cycle is identical to the ERASE cycle 
except for the different op-code. As in the ERASE mode, 
the DO pin indicates the READY/BUSY status of the chip if 
CS is brought high after the tcs interval. 


Write All (WRALL): 


The WRALL instruction will simultaneously program all reg- 
isters with the data pattern specified in the instruction. As in 
the WRITE mode, the DO pin indicates the READY/BUSY 
status of the chip if CS is brought high after the tcg interval. 


Write Disable (WDS): 


To protect against accidental data distrub, the WDS instruc- 
tion disables all programming modes and should follow all 
programming operations. Execution of a READ instruction is 
independent of both the WEN and WDS instructions. 


Note: NSC CMOS EEPROMs do not require an “ERASE” or ‘ERASE ALL" operation prior to the “WRITE” and “WRITE ALL” instructions. The “ERASE” and 
“ERASE ALL” instructions are included to maintain compatibility with earlier technology EEPROMs. 


Instruction Set for the NM93CO6L and NM93C46L 


instruction | SB | OpCode | Address | Data _| 
pa | to | asao | | 
foi fo | xx | 
ee ee 


READ 
WEN 
ERASE 
WRITE 
ERAL 
WRALL 
WDS 
Note: Address bits AS and A4 become “Don't Care” for the NM93CO6L. 


A5-A0O 


pt feo | tom | 
pa | | oro | 15-00 _| 
+ _|__@_[_sovon_|_ 


Comments 
Reads data stored in memory at specified address. 
Enable all programming modes. 
Erase selected register. 
Writes selected register. 
Erases all registers. 
Writes all registers. 


Disables all programming modes. 


Instruction Set for the NM93C56L and NM93C66L 


Instruction = OpCode | Address | Data _| 
|e ar-Ao | 


READ 
WEN 
ERASE 
WRITE 
ERAL 


| 00 | 1100000 
ee ee 
pot AO 
p00 | 0X _| 
WRALL 00 on 
wos tt | 00 | 0x _| 


Note: Address bit A7 is ‘“‘Don't Care” for the NM93C56L. 
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Comments 
Reads data stored in memory at specified address. 
Enable all programming modes. 
Erase selected register. 
Writes selected register. 
Erases all registers. 


Writes all registers. 


Disables all programming modes. 





1999/19S9/19790/1909E6IN 


NM93C06L/C46L/C56L/C66L 


Timing Diagrams 


Synchronous Data Timing 


OH 
DO (READ) Vor 


V, 


OH 
DO (PROGRAM) 
Vou 


TL/D/10045-13 


| 


TL/D/10045-5 


_ | | | | ae 


TL/D/10045-6 
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Timing Diagrams (Continued) 


TL/D/10045-7 


SNS NKXXKEXA 


BUSY 
ey 


‘we 
TL/D/10045-8 


WRALL 


cs , ee —— ks 


TL/D/10045-9 
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Timing Diagrams (continueg) 
ERASE 


sk priadeolaot atte beleely | aden 
ea iliaideain, a 


TRI- E 55 5 TRI-STATE 
DO ~STAT 


TL/D/10045-10 


ERAL 


fgets choad Snakes 


CHECK STATUS \ STANDBY 
I a -STATE ee 


TL/D/10045-11 
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Protecting Data in Serial 
EEPROMs 


National offers a broad line of serial intsHade EEPROMs 
which ‘share a common set of features: 


Low cost 
Single supply in all modes (+5V + 10%) 
TTL compatible interface 
MICROWIRE™ compatible interface 
e Read-Only mode or read-write mode 
This Application Brief will address protecting data in any of 


National’s Serial Interface EEPROMs by using read-only 
mode. 


Whereas EEPROM is non-volatile and does not require Vcc 
to retain data, the problem exists that stored data can be 
destroyed during power transitions. This is due to either un- 
controlled interface signals during power transitions or noise 
on the power supply lines. There are various hardware de- 
sign considerations which can help eliminate the problem 
although the simplest most effective method may be the 
following programming method. 

All National Serial EEPROMs, when initially powered up are 
in the Program Disable Mode’. In this mode, the EEPROM 
will abort any requested Erase or Write cycles. Prior to Eras- 


National Semiconductor 
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ing or Writing it is necessary to place the device in the Pro- 
gram Enable Mode?. Following placing the device in the 
Program Enable Mode, Erase and Write will remain enabled 
until either executing the Disable instruction or removing 
Vcc. Having Vcc unexpectedly removed often results in 
uncontrolled interface signals which could result in the 
EEPROM interpreting a programming instruction causing 
data to be destroyed. 


Upon power up the EEPROM will automatically enter the 
Program Disable Mode. Subsequently the design should in- 
corporate the following to achieve protection of stored data. 


1) The device powers up in the read-only mode. However, 
as a backup, the EWDS instruction should be executed 
as soon as possible after Vcc to the EEPROM is pow- 
ered up to ensure that it is in the read-only mode. 


2) Immediately preceding a programming _ instruction 
(ERASE, WRITE, ERAL or WRAL), the EWEN instruction 
should be executed to enable the device for program- 
ming; the EWDS instruction should be executed immedi- 
ately following the programming instruction to return 

*EWDS or WDS, depending on exact device. 

EWEN or WEN, depending on exact device. 


«ol LLL LLL 


Ds 
Ewen | os a/ ~ \ sows 


EWDS 


ENABLE=11 
DISABLE=00 


TL/D/7085-1 


FIGURE 1. EWEN, EWDS Instruction Timing 


nro 
MAIN POWER SUPPLY | 


4.5V-5.5V 
Vcc 


INSTRUCTION 


Ewods EWEN PROGRAM 
(ERASE, WRITE, 


ERAL OR WRAL) 


5.5V = Vcc = 4.5V —-| 
MAINTAINED ON CAPACITOR 
PROGRAM EWDS’ 


EWDS EWEN 


TL/D/7085-2 


*EWDS must be executed before Voc drops below 4.5V to prevent accidental data loss during subsequent power down and/or power up transients. 


FIGURE 2. Typical Instruction Flow for Maximum Data Protection 
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St-aVv 


AB-15 


‘the device to the read-only mode and protect the stored 
data from accidental disturb during subsequent power 
: transients or noise. 


3) Special care must be taken in designs in which program- 


ming instructions are initiated to store data in the EEP- 
ROM after the main power supply has gone down. This is 
usually accomplished by maintaining Voc for the EEP- 


:. ROM and its controller on a capacitor for a sufficient 


amount of time (approximately 50 ms, depending on the 


- clock rate) to complete these operations. This capacitor 
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must be large enough to maintain Vcc between 4.5 and 
5.5 volts for the total duration of the store operation, IN- 
CLUDING the execution of the EWDS instruction immedi- 
ately following the last programming instruction. FAIL- 
URE TO EXECUTE THE LAST EWDS INSTRUCTION 
BEFORE Vcc DROPS BELOW 4.5 VOLTS MAY CAUSE 
INADVERTENT DATA DISTURB DURING SUBSE- 
QUENT POWER DOWN AND/OR POWER UP TRAN- 
SIENTS. 





Designing with the 
NM93C06 

A Versatile Simple to Use 
E2 PROM | 


This application note outlines various methods of interfacing 
an NM93CO06 with the COPS™ family. of microcontrollers 
and other microprocessors. Figures 1-6 show pin connec- 
tions involved in such interfaces. Figure 7 shows how paral- 
lel data can be converted into a serial format to be in- 
putted to the NM93C06; as well as how serial data outputted 
from an NM93C06 can be converted to a parallel-format. 
The second part of the application note summarizes the key 
points covering the critical electrical specifications to be 
kept in mind when using the NM93C06. 


The third part of the application note shows a list of various 


applications that can use a NM93CO6. 


GENERIC CONSIDERATIONS 

A typical application should meet the following generic 

criteria: 

1. Allow for no more than 10,000 E/W cycles for optimum 
and reliable performance. ; : 

2. Allow for any number of read cycles. 

3. Allow for an erase or write cycle that operates in the 
10-30 ms range, and not in the tens or hundreds of ns 
range as used in writing RAMs. (Read vs write speeds 


are distinctly different by orders of magnitude in E2P- 
ROM, not so in RAMs.) 


Vec 
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4. No battery back-up required for data-retention, which is 
fully non-volatile for at least 10 years at room-ambient. 


SYSTEM CONSIDERATIONS 


When the control processor is turned on and off, power 
supply transitions between ground and operating voltage 
may cause undesired pulses to occur on data, address and 
control lines. By using WEEN and WEDS instructions in con- 
junction with a LO-HI transition on CS, accidental erasing or 
writing into the memory is prevented. 


The duty cycle in conjunction with the maximum frequency 
translates into having a minimum Hi-time on the SK clock. If 
the minimum SK clock high time is greater than 1 ys, the 
duty cycle is not a critical factor as long as the frequency 
does not exceed the 250 kHz max. On the low side no limit 
exists on the minimum frequency. This makes it superior to 
the COP499 CMOS-RAM. The rise and fall times on the SK 
clock can also be slow enough not to require termination up 
to reasonable cable-lengths. 


Since the device operates off of a simple 5V supply, the 
signal levels on the inputs are non-critical and may be oper- 
ated anywhere within the specified input range. 


Voc 


CK! 
COP420 


LO-L7, G0-G3, 01-D3 


FIGURE 1. NM93C06—-COP420 Interface - 


TL/D/5286-1 
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cco ey 
cc -—_ Vec CKO CK1 
D0-07 


LO-L7 


STANDARD 
uP 


TO OTHER 
pPs 


TL/D/5286-2 


PORT A 
8 BITS 
NM93C06 


PORT B BANK 
— PB 8 BITS 


0 PORT C 
TIMER 6 BITS 


TIMER-IN 
TIMER-OUT 


TL/D/5286-3 


SK a 
PA1 => DI/DO Common to ail 9306’s 


PA2-7 —> ~ 6CS for 6- 9306's 


* SK Is generated on port pins by bit-set and bit-clear operations in software. A symmetrical duty cycle is not critical. 
* CS Is set In software. To generate 10-30 ms write/erase the timer/counter is used. During write/erase. SK may be turned off. 


FIGURE 3. NSC800™ to NM93C06 Interface (also Valid for 8085/8085A and 8156) 
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ADD 
DECODE 


AQ-A15 


MK3880 
280 
CPU 


DO CE C/D B/A 


MK3881 


Z80/ 
PIO 


PORT At/0 


. NM93C06 
BANK 1 
(6) 


SEE-NV 


NM93C06 


PORT BI/0 i 


INTERRUPT 
CONTROL LINES 


(3) 
TL/D/5286-4 


Z80-P10 9306 

AO, SK 

At DI/DO 
A2-A7__ —CS1-CS6 


* Only used If priority interrupt dalsy chain is desired 
* Identical connection for Port B 


Common to all 9306’s (Bank 1) 


FIGURE 4. Z80—NM93C06 Interface Using Z80-PIO Chip 


KEYBOARD 


INS8048 


NM93C06 
DO #9 © 


SK gg 


CS9 
TL/D/5286-5 


* SK and DI are generated by software. It should be noted that at 2.72 .8/Instruction. The minimum SK perlod achievable will be 10.88 js or 92 kHz, well 
within the NM93C06 frequency range. 


* DO may be brought out on a separate port pin if desired. 


FIGURE 5. 48 Series ».P—NM93C06 Interface 
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INS8243 
INS8048 1/0 
EXPANDER ps5 


DBO 
087 


P6 


INS8253. — > TIMER 1/0 


TL/D/5286-6 


Expander outputs © 


DI 
SK 
Port 4 cst 
CS2 
Port 5-6 CS3-CS10 
. Port7 DO (COMMON) 


FIGURE 6. 8048 I/O Expansion 


| (COMMON) 


NM93C06 


PIN 8 PARALLEL OUT 


SERIAL IN 


cs CLOCK 


PARALLEL IN 


nine SERIAL OUT 


Diz 
TL/D/5286-7 


FIGURE 7. Converting Parallel Data into Serial Input for NM93C06 
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TL/D/5286-8 


250 kHz 
ns 
ns 
ns 
ns 

2 ps 
2 ys 


FIGURE 8. NM93C06 Timing 


THE NM93C06A 

Extremely simple to interface with any »P or hardware logic. 
The device has six pins for the following functions: 

Pin 1 cs* HI enabled 

Pin 2 SK Serial Clock input 

Pin3 DI For instruction or data 

input 

For data read, TRI-STATE® 
otherwise 


Pin 4 DO** 
Pin 5 
Pin 8 
Pins 6-7 


GND 


Vec 
No Connect 


_ For 5V power 
No termination required 


*Following an E/W instruction feed, CS is also toggled 
low for 10 ms (typical) for an E/W operation. This inter- 
nally turns the VPP generator on (HI-LO on ) and off 
(LO-HI on CS). 

**DI and DO can be on a common line since Do is TRI- 
STATED when unSelenied BO is only on in the read 
mode. 


USING THE NM93C06 


The following points are worth noting: 


1. SK clock frequency should be in the 0-250 kHz range. 
With most ,2Ps this is easily achieved when implement- 
ed in software by bit-set and bit-clear instructions, 
which take 4 instructions to execute a clock or a fre- 
quency in the 100 kHz range for standard »P speeds. 
Symmetrical duty cycle is irrelevant if SK HI time is = 
2 ps. 

CS low period following an E/W instruction must not 
exceed the 30 ms max. It should best be set at typical 
or minimum spec of 10 ms. This is easily done by timer 
or a software connect. The reason is that it minimizes 
the ‘on time’ for the high Vpp internal voltage, and so 
maximizes endurance. SK-clock during this period may 
be turned off if desired. . 

All E/W instructions must be preceded by EWEN and 
should be followed by an EWDS. This is:to secure the 
stored data and avoid inadvertent erase or write. 

A continuously ‘on’ SK clock does not hurt the stored 
data. Proper sequencing of instructions and data on DI 
is essential to proper operation. 
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5. Stored data is fully non-volatile for a minimum of ten 
years independent of Vcc, which may be on or off. 
Read cycles have no adverse effects on data reten- 
tion. 

Up to 10,000 E/W cycles/register are possible. Under 
typical conditions, this number may actually approach 
1 million. For applications requiring a large number of 
cycles, redundant use of internal ‘registers beyond 
10,000 cycles is recommended. 

Data shows a fairly constant E/W Programming behav- 
ior over temperature. In this sense E2PROMs super- 
sede EPROMs which are restricted to room tempera- 
ture programming. 

As shown in the timing diagrams, the start bit on DI 
must be set by a ZERO - ONE transition following a CS 
enable (ZERO - ONE), when executing any instruction. 
ONE CS enable transition can only execute ONE in- 
struction. 

In the read mode, following an instruction and data 
train, the DI can be a don't care, while the data is being 
outputted i-e., for next 17 bits or clocks. The same is 
true for other instructions after the instruction and data 
has been fed in. 

. The data-out train starts with a dunn bit O and is 
terminated by chip deselect. Any extra SK cycle after 
16 bits is not essential. If CS is held on after all 16 of 
the data bits have been outputted, the DO will output 
the state of DI till another CS LO-HI transition starts a 
new instruction cycle. 

. Whenacommon line is used for DI and DO, a probable 
overlap occurs between the last bit on DI and start bit 
on DO. 

12. After a read cycle, the CS must be brought low for 
1 SK clock cycle before another instruction cycle can 
start. 

All commands, data in, and data out are shifted in/out on 

rising edge of SK clock. 

Write/erase is then done by pulsing CS low for 10 ms. 

All instructions are initiated by a LO-HI transition on CS fol- 

lowed by a LO-HI transition on DI. 

READ — After read command is shifted in 

DI becomes don’t care and data can 
be read out on data out, starting 
with dummy bit zero. 

WRITE — Write command shifted in followed by 

data in (16 bits) then CS pulsed low 
for 10 ms minimum. 
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INSTRUCTION SET 


[Instruction | $B | Opcode | Address | Data | "Comments 


The following is a list of various systems that could use a 


TREAD [or | tom | asazntan | | Read Register AQABAGAO | 
rwaire | ot | otm | asnentao | 016-00 | Wie Register AGADATAO 
Penase [ot | tha | aanzntao’| | erase Regter ASAZATAO| 
rewen | or[ oon | woox | [eresorwitenabio | 
Tewos | or { o000 | ox | | eresorwiteDisebe 
rena [or | oo1o | 0a || erase AtRentors 
Fwrat [Lor | voor | 000 | bié-b0 | Wite Alessio 


NM93CO6 has 7 instructions as shown. Note that MSB of any given instruction is a “1” and is viewed as a start bit 
in the interface sequence. The next 8 bits carry the op code and the 4-bit address for 1 of 16, 16-bit registers. 


X is a don’t care state. 


NM93C06 


A. 


Airline term.‘nal 

Alarm system 

Analog switch network 
Auto calibration system 
Automobile odometer 
Auto engine control 


_ Avionics fire control 
‘ Bathroom scale 


Blood analyzer 
Bus interface 
Cable T.V. tuner 
CAD graphics — 
Calibration device 


‘ Calculator—user programmable 


Carnera system — 


’ Code identifier 


Communications controller 
Computer terminal 


- Control panel 
' Crystal oscillator 


Data acquisition system 
Data terminal 
Electronic circuit breaker 


' Electronic DIP switch 


Electronic potentiometer 


’ Emissions analyzer 
’ Encryption system: 


Energy. management system 
Flow computer 


. Frequency synthesizer 


Fuel computer. 

Gas analyzer 

Gasoline. pump 

Home energy management 
Hotel lock 

Industrial control 
Instrumentation 
Joulemeter 

Keyboard -softkey 

Laser machine tool 
Machine control 
Machine process control 
Medical imaging 
Memory bank selection 
Message center contro! 
Mobile telephone 
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Modem 

Motion picture Srejector: 
Navigation receiver 
Network system 
Number comparison 
Oilfield equipment 
PABX 

Patient monitoring 
Plasma display driver 
Postal scale 

Process control 
Programmable communications 
Protocol converter 
Quiescent current meter 
Radio tuner 

Radar dectector 


Refinery controller 


Repeater 

Repertory dialer 

Secure communications system 
Self diagnostic test equipment 
Sona-Bouy 

Spectral scanner 

Spectrum analyzer 
Telecommunications switching evéton 
Teleconferencing system 
Telephone dialing system 

T.V. tuner 

Terminal 

Test equipment 

Test system 

TouchTone dialers 

Traffic signal controller 
Ultrasound diagnostics 

Utility telemetering 

Video games 

Video tape system 
Voice/data phone switch 


. Winchester disk controller 


X-ray machine 

Xenon lamp system ~ 
YAG—laser controller 
Zone/perimeter alarm 
system 





The NM93C46—An Amazing 
Device 


Question: What has 8 pins, runs on 5V and can store any 
one of more than 10309 unique bit patterns? 


Answer: The NM93C46—a 1024-bit serial EEPROM. 
Surprised? It is easy to check: 

21024 = number of possible combinations 

210 = 1093 

21024 = (210)102 = (103)102 = 40306 


10306 combinations are more than enough for any conceiv- 
able security application, serial number, or station 1.D. many 
times over. Although the NM93C46 is a small part both 
physically and in memory size, its capacity to store unique 
codes is boundless. 


Figure 1 shows the pin assignments and pin names for the 
NM93C46. Pins 6 and 7 are not connected, leaving only 6 
active pins on the device. The DO pin is not active while 
data is being loaded through the DI pin. DI and DO can be 
tied together, creating a device that requires a 5-wire inter- 
face. This interface may be useful in security applications. 
The EEPROM could be built into a module that could be 
used as a ‘smart key” in electronic security systems. The 
key would be read whenever it was inserted into a 5-contact 
keyhole and access would be granted or denied as deter- 
mined by the stored code. If only 256 bits of the EEPROM 
were to be used to store the code, this would still provide 
1077 possible combinations. The remainder of the memory 
in the key could be used for data collection or to keep a 


record of where the key had been. It should be noted that 
ability to write data into the key allows the key to be immedi- 
ately erased if it is misused. 


Dual-In-Line Package 


cs 
SK= 
DI 


DO 
 TL/D/8611-1 

Pin Names 
cS Chip Select 
SK Serial Clock 
DI Data Input 
DO Data Output 
Voc +5V 
GND Ground 


NC _ No Connection 
FIGURE 1 
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The 5-contact key is nice, but a 4-contact key is at least 
20% better. Figure 2 shows how the addition of a retriggera- 
ble one-shot can achieve this reduction. This circuit puts 
some timing constraints on the serial clock signal, but these 
are easily met. The output pulse of the one-shot should re- 
main high for a period that is slightly longer than one serial 
clock cycle to prevent the NM93C46 from being reset. (The 
falling edge of CS must occur before the rising edge of the 
serial clock after the last bit of a write command is transmit- 
ted.) 





: TL/D/8611-2 
One-shot is retriggerable MM74HC123 
FIGURE 2 


A circuit for a 3-contact key is shown in Figure 3. A filter 
capacitor, diode and one-shot have been added. Both one- 
shots are triggered whenever a pulse to ground occurs on 
the power supply contact. The capacitor and diode provide 
power to the NM93C46 and the one-shots during this brief 
power interruption. An operational amplifier can be used as 
the power source and can easily generate the required 
waveform. Both the serial clock and chip select signals are 
recovered from this waveform. 
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TL/D/8611-3 
One-Shot A— MM74HC123 
One-Shot B—/, MM74HC123 
FIGURE 3 


By adding more circuitry to the key, it is possible to achieve 
a 2-contact interface. A circuit for this interface is shown in 
Figure 4. , 

Commands and data are transmitted to the key by superim- 
posing a pulse-.vidth-modulated code on the power supply 
contact. The voltage swings between 8V and 16V at point 1. 
A regulated 5V is supplied to the circuits in the key by a 
local regulator. Resistors R1 and R2 form a divider to create 
a 3V reference for the operational amplifier. R3 and R4 are 
used as a divider that converts the 8V to 16V signal at point 
1 to a signal at point 2 that swings between 2V and 4V. The 
output of the operational amplifier now follows the signal at 
point 1 but swings from OV to 5V. This signal is used to 
trigger the one-shots as in the 3-contact circuit, and appears 


“Voc 


R1 = 20K 
R2 = 30K 
R3 = 15K 
R4 = 5K 
One-Shot A = ¥% MM74HC123 


V-R = LM29302-5.0 
OA = LM358 
R5 = 16000 


One-Shot B = 1% MM74HC123 


at the DI pin as a pulse-width-modulated signal. Command 
and data signals may now be entered. Data is read from the 
key by monitoring the power supply current. When the DO 
pin is in TRI-STATE® or outputs a one, transistor T2 is 
turned off. When DO outputs a zero, T2 is turned on and 
current flows through R5. The value of R5 may be chosen to 
create whatever current change is needed to detect the 
state of DO. The current should be tested when the voltage 
at point 1 is 16V. The resistor in this example will produce a 
10 mA change. 


Figure 5 shows a typical read sequence for the circuit 
shown in Figure 4. ' . 


CONCLUSION 


This application note describes a number of circuits that are 
useful in security and data collection systems. These cir- 
cuits should be considered only the beginning. It no longer 
makes sense to install DIP switches to select access codes 
in garage door openers, cordless and mobile phones, or any 
other microcontroller-based system. “Smart keys” can be 
used to gain access to databases and can be invalidated 
over normal communication lines if they are abused. It bog- 
gles the mind to consider what can be done with so many 
unique codes. . 


Note: The circuits in this application note feature the NM93C46. The 
NM93CO6 is a pin-compatible part that stores 256 bits. 
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FIGURE 4 
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FIGURE 5 
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Using National’s 


MICROWIRE™ EEPROM > 


National Semiconductor manufactures a wide range ‘of low 
density serial EEPROMs that use the MICROWIRE interface 
as a means of communication. Although all of these devices 
use the MICROWIRE interface, there are slight variations in 
interfacing due to differences in memory sizes, features, 


and technology used to implement the device. Additionally, — 


the MICROWIRE interface does not specifically define any 
protocol, it only defines a basic set of signal lines to inter- 
connect two or more devices. Due to these reasons, addi- 
tional information is necessary to fully understand how to 
best 
EEPROM. - 


The goal of this application guide is to cover a diversity of 
information in reqard to basic timing, interfacing options, 
and functionality of different EEPROMs. | will use an outline 
approach, so the appropriate heading can be located easily. 
Each section attempts to be stand alone so the information 
can be easily extracted. The outline appears below: 
OUTLINE ke > 
1.0 Description of EEPROM Families 
1.1 CMOS EEPROM 
1.1.1 NM93C Family 
1.1.2 NM93CS Family 
1.1.3 Variations 
2.0 HARDWARE CONNECTIONS 
2.1. INTERFACE PIN DESCRIPTIONS 
2.1.1-Chip Select 
2.1.2 Serial Clock 
2.1.3 Data-In (Dl) 
2.1.4 Data-Out (DO) 
2.1.5 Program Enable (PE) 
2.1.6 Protect Register Enable (PRE) 
2.1.7 Organization (ORG) 
2.1.8 Status (RDY/BUSY) 
2.2. FOUR WIRE BUS 
2.3. THREE WIRE BUS 
3.0 TIMING CONSIDERATIONS 
3.1 BUS TIMING 
3.2 INSTRUCTION SEQUENCE DESCRIPTIONS 
3.2.1 Read Cycle 
3.2.2 Sequential Read 
3.2.3 Erase and Erase All 
3.2.4 Write and Write All 
3.2.5 Program Enable and Program Disable 
3.2.6 Protect Register Read 
3.2.7 Protect Register Enable 
3.2.8 Protect Register Disable 
3.2.9 Protect Register Clear 
3.2.10 Protect Register Write 
3.3. INTERFACING SOLUTIONS 
4.0 CONCLUSION 


interface to National’s family of MICROWIRE — 
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4.0 Description of EEPROM 


Families 


1.1 CMOS EEPROM 


National builds a range of MICROWIRE CMOS EEPROMs 
in memory sizes ranging from 256-bit to 4906-bit. The 
NM93C family is the base family and the NM93CS is a simi- 
lar family with additional features, there are also other devic- 
es with slight variations on the interface. All these devices 
are available with certain “standard” options such as oper- 
ating temperature ranges and operating voltage ranges, 
packaging options and test options. These options being 
fairly standard variations for semiconductor devices, will not 
be addressed beyond this. The purpose of this article is to 
address basic functionality and interfacing, including various 
tricks to simplify or modify the interface. 


1.1.1 NM93C Family 


The NM93C family of EEPROM is available in 256-, 1024-, 
2048-, and 4096-bit sizes. All of these are internally orga- 
nized in 16-bit words, therefore all data transactions deal 
with 16 bits. This family of EEPROMs has 7 instructions that 
deal with read, write, and a basic level of data protection. 
The instructions are listed in Table |. It is important to note 
that there is a basic difference in length of the instruction 
between the NM93C06 or NM938C46 and the NM93C56 or 
NM93CEE. This is due to the larger devices needing addi- 
tional address bits. 


The NM93C family of EEPROM, like all of National’s serial 
EEPROMSs have a basic level of write protection that can be 
turned on or off by the use of the ERASE/WRITE DISABLE 
(EWDS) and ERASE/WRITE ENABLE (EWEN) instructions. 
Although there are two erase instructions included in the 
NM93C family, these are included only for compatibility with 
older EEPROMs that require erase before write. These 
EEPROMs don't require erase before write and it is recom- 
mended that in application the erase not be used as this 
adversely affects endurance. 


1.1.2 NM93CS Family 


The NM93CS EEPROMs are identical to the NM93C family 
in memory sizes and organization. Making them different, 
they have two additional functions, sequential read and user 
configurable write protection, and don’t have either of the 
erase functions, ERASE and ERASE-ALL as they are not 
needed. Like all of the CMOS EEPROMs, these have self 
timed programming cycles and operate from a single exter- 
nal supply of either 4.5V to 5.5V or 2.0V to 5.5V. In these 
devices it is necessary to eliminate the erase cycles from 
the code as they may adversely affect the performance of 
the device. 


As these have additional functions, the instruction set in- 
cludes a total of 10 instructions, 3 that operate on the mem- 
ory array, 2 that deal with the basic write protection and 5 
that deal with the user configurable write protection. Refer 
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to the NM93CS instruction set table (Table II) for definitions 
of these instructions. As with the NM93C family, there is a 
basic difference in instruction length depending on memory 
size. 


To further increase data security in these EEPROMs there 
are also two additional input signals defined, Program En- 
able (PE) and Protect Register Enable (PRE). These signals 
are on pins that are unused on the NM93C family providing 
upward re eny to the NM93CS devices. 
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TABLE I. NM93C Family Instruction Set Table 


ee ees 
af 00000 
Pails ati am 
es ee 
tou | 
ee 
aes 


READ 
EWEN 
ERASE 
WRITE 
ERAL 
WRAL 


EWDS OOXXXX 


Comments 
Reads data stored in memory. 
Write enable must precede all programming modes. 
Erase register ASA4A3A2A1A0. 
Writes register. . 
Erase all registers. 
Writes all registers. 


Disables all programming instructions. 


TABLE Il. NM93CS Family Instruction Set Table 


instruction [ $8 | Op Code | Address | Data _| PRE | 
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WDS 
PRREAD 
PREN - 
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Comments 
Reads data stored in memory, starting at specified address. 
Write enable must precede all programming modes. 
Writes register if address is unprotected. 


Writes all registers. Valid only when Protect Areaeent is 
cleared. 


Disables all programming instructions. - 
Reads address stored in Protect Register. 


Must immediately precede PRCLEAR, PRWRITE, and PRDS 
instructions. 


Clears the Protect Register so that no registers are protected 
from WRITE. 


Program address into Protect Register. Thereafter, memory 
addresses = the address in Protect Register are protected 
from WRITE. 


One time only instruction after which the agoleee inthe 
Protect Register cannot be altered. 
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1.1.3 Variations 


There are two variations on the standard implementation of 
the Microwire bus. Both variations can be viewed as en- 
hancements. The first enhancement is a. Organization 
(ORG) input that allows the user to select the internal con- 
figuration of the memory as either 8 bits wide or 16 bits 
wide. When the input is high or unconnected, the device is 
configured as 16 bits wide, when the ORG input is at a low 
level, the memory is configured as 8 bits wide, but twice as 
deep. The feature is present on both the NM93C46A and 
the NM59C11. 


The second variation is the STATUS output. This is the 
Busy/Ready polling to indicate programming status. All oth- 
er devices have this feature on the Data-Out (DO) output, 
the NM59C11 alone has status available as a separate out- 
put and not on the Data-Out output. This can simplify inter- 
facing to a bidirectional data bus. 


2.0 Hardware Connection 


2.1 INTERFACE PIN DESCRIPTIONS 


In this section, each possible input or output will be de- 
scribed followed by the most popular variations of bus con- 
nections. Not all devices have all of the described I/Os. The 
1/Os are available according to Table III, |/O Functionality. 


2.1.1 CHIP SELECT (CS) 


Chip Select is used to differentiate between various devices 
on the same Microwire bus. In the case of EEPROM it can- 
" not be tied high even if it is the only device on the bus as it 
performs several additional functions. As it applies to any of 
the Microwire EEPROMs, the rising edge resets the internal 
circuitry of the device, a function necessary prior to initiating 


any new cycle. As shown in the functional block. diagram 
(Figure 1) chip select also gates the data input and clock 
input, thus disabling these functions. 


During the course of clocking in the start bit, op-code ad- 
dress and data-in or data-out, chip select must be held high 
continuously, otherwise the internal circuits will be reset and 
the cycle will have to be started again with a new start bit. 


During programming cycles chip select initiates the internal 
programming cycle. The falling edge of chip select will start 
the internal programming cycle when a programming op- 
code has been. entered (Erase, Write, Erase All, Write All) 
and then, in conjunction with Data-Out (DO), will indicate if 
programming is complete (except the NUOS NMC9306). If 
programming is complete, Data-Out will drive high, if incom- 
plete it will drive low. In the case of the NMC9306, the user 
must provide the programming time and in this case chip 
select must be held low for a minimum of 10 ms, then 
brought high and clocked to end the programming cycle. 


Several additional notes in regard to chip select: 


_ If a programming cycle is partially clocked in and then chip 


select dropped, the EEPROM may enter into a programming 


“mode. This is determined by how many bits have been 


clocked in when chip select is dropped. If the start bit, op- 
code, and all of the address has been clocked in, a pro- 
gramming cycle will be initiated with no or partial data. If less 
than a complete address has been clocked in, the program- 
ming cycle will not be initiated. Refer to Figure 2, reference 
line 1. 


In the case of the NM59C11, a programming cycle will not 
be entered unless a full data field has been clocked in. A full 
data field may be either 8 or 16 bits depending on the logic 
level present at the ORG input. A programming cycle will be 
entered at reference line 2 in Figure 2 for the NM59C11. 


Chip select hold time at the end of a cycle is referenced to 
the last rising edge of clock (SK). The hold time from the. 
rising edge is the same as the minimum SK high time for the 
particular device. This is stated in the datasheets as 0 ns 
hold time from the falling edge of SK which assumes that 
SK high time is always minimum. In this case SK can be left 
in the high state or taken low at a later time. Internally chip 


‘select gates SK, therefore SK is not critical. 


TABLE Ill. 1/O Functionality by Device 


NM93C Family 
NM93CS Family 
NM93C46A 
NM58C11 
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2.1.2 SERIAL CLOCK (SK) 


The clock input is used to clock all data, address, op-code, 
and start bits into or out of the EEPROMs. SK clocks both 
input and output on the rising edge only, the falling edge has 
no effect on the devices. The only function it is not neces- 
sary for is the Busy/Ready Polling which is an asynchro- 
nous function. 


Since SK is gated by ship select, it is a ‘Don’t Care” any 
time chip select is low. It is also don’t care prior to a start bit 
being clocked in and during Busy/Ready Polling. During 
these conditions Data-In (Di) must be held at a low level, 
otherwise a start bit will be interpreted. 


If it is desirable to insert additional clock cycles during a 
instruction sequence for the purpose of byte aligning the 
data, there are several places in the data stream they may 
be inserted as described below: 


— On any instruction, zeros can be clocked into the DI in- 
put before the start bit. Any number of clock cycles may 
be added if Data-In (Dl) is held at zero. The first 1 
clocked in will be interpreted as the start bit. This re- 
quires special precautions if a bidirectional data bus is 
used (Data-In tied to Data-Out) as the Busy/Ready Poll- 
ing will interfere with the Data-in if it is not cleared out at 
the end of each programming cycle. See Section 2.3, 
THREE WIRE BUS, for more information. 


During a Read instruction, it is allowable to continue to 
clock the device after the 16 bits of data has been 
clocked out. In the case of the NM93CS family this will 
cause the memory to increment to the next register and 
present its contents on the Data-Out pin. In the case of 
all other devices, whatever was present on the Data-In 
pin will become present on the Data-Out pin (Fall thru). 
Refer to Figure 7, Block Diagram. 


During a Write or Write-All, additional clock cycles may 
be added after address AO and before the valid data. 
The EEPROM will write into the memory the most recent 
16 bits, or in the case of the NM93C46A, the most re- 
cent 8 bits or 16 bits depending on the status of the 
ORG input. Adding additional clocks after the valid data 
will cause the data to be misaligned. In the case of the 
NM59C11, the device counts the data bits clocked in 
and automatically enters the programming mode when it 
receives a full data field, therefore bits cannot be insert- 
ed between AO and valid data. 


During the EWEN, Erase, Erase All, EWDS, WEN, WDS 
cycles, it is not necessary to clock in a data field, al- 
though it is mandatory to clock ina complete address 
field, even if the addresses are “Don’t Care”. Additional 
clocks can be added after the address field. 


2.1.3 DATA-IN (Dl) 


The Data-In input receives the Start-Bit, Address, and input 
data in a serial stream, each bit clocked in on the rising 
edge of SK. DI is gated by the chip select to provide a high 
degree of noise immunity. As shown in the block diagram, 
Data-In is routed to both the instruction shift register and the 
data shift register. When the start bit is clocked into the last 
bit of the instruction register, the clock is switched to the 
data register to receive input data and clock data out simul- 
taneous. The Data-Out remains in high impedance unless a 
read cycle or Busy/Ready status is being done. The safest 
state is to keep the Data-In pin in a low level as a start bit is 
a high level. 


2.1.4 DATA-OUT (DO) 


The Data-Out (DO) output sends read data onto the micro- 
wire bus and is clocked out on the rising edge of SK. It also 
carries the programming status after a programming cycle 
which is an asynchronous function that does not require the 
clock. At all other times the Data-Out is in the high imped- 
ance state. During a Read cycle, the Data-Out output begins 
to drive actively after the last address bit (AO) is clocked in. 
During the Busy/Ready polling it begins to drive active after 
chip select is raised to a high level. 


During the Busy/Ready Polling, the Data-Out output drives 
low while the device is still in the internal programming cy- 
cle. After the EEPROM has completed the internal program- 
ming cycle, the Data-Out pin will drive high when chip select 
is high. Subsequently, if chip select is brought high again, 
Data-Out will again drive high indicating it has completed 
the programming cycle. To clear the Busy/Ready Polling it 
is necessary to raise chip select and clock in a start bit. 
Once the start bit is clocked in, Data-Out will return to the 
high impedance state. It is not necessary to continue with a 
cycle after this start bit has been clocked in, although it is 
permissible to start a new cycle with this start bit. This clear- 
ing of the Busy/Ready status may be necessary if a bidirec- 
tional data bus is used (Data-In tied to Data-Out) as the 
Data-Out output will interfere with the new data being pre- 
sented on the Data-In input. 


2.1.5 PROGRAM ENABLE (PE) 


The program enable (PE) input will enable all programming 
cycles when it is held at a high level during the duration of a 
programming cycle. Conversely, it will disable all program- 
ming, including programming of the protect register, while it 
is held low. This input has no affect on any other cycle, so it 
may be permanently tied high or low, or may be used in an 
active mode. This input is available on the NM93CS family 
only. 


2.1.6 PROTECT REGISTER ENABLE (PRE) 


The protect register enable (PRE) input is used to switch 
between memory operations and protect register operations 
since the same op-codes are used for both. With the PRE 
input high, the op-codes define operations in the protect 
register, with the PRE input low, the op-codes define opera- 
tions in the memory. This pin may be tied high or low, or 
used in the active mode. This input is available on the 
NM93CS family only. 


2.1.7 ORGANIZATION (ORG) 


The Organization input (ORG) is used to contro! the internal 
organization of the memory. The two selectable organiza- 
tions are 16-bit words and 8-bit words. Simply by holding the 
ORG pin at a high level, 16-bit words are selected, by hold- 
ing the input at a low level 8-bit words are selected. When in 
the 8-bit mode, one additional address bit is required in the 
instruction sequence since the depth of the memory is dou- 
bled. This input is available only on certain device types, 
refer to the individual datasheets. 


2.1.8 STATUS (RDY/BUSY) 


The status output indicates the programming cycle status 
after a programming cycle. When the device is in the pro- 
gramming mode and therefore cannot accept any other cy- 
cles, this pin will be low. After completion of the cycle the 
STATUS pin will be driven high. When this function is pres- 
ent, the Busy/Ready Polling is not available on the Data-Out 
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output. In some systems, particularly those using a bi-direc- 


tional data bus, this can simplify interfacing by eliminating | 


the possible contention between the Ready indication and 
the incoming data from the host device. This output is avail- 


able only on certain device types, refer to the individual 


datasheets. 


2.2 FOUR WIRE BUS 


The 4 wire bus is the simplest interconnection between the 
EEPROM and the host device. In most cases the only sig- 
nals necessary to provide are clock, chip select, Data-In and 
Data-Out as shown in Figure 5. The PRE, PE, ORG, and 
STATUS pins are not shown as they are variations on this 
and the 3 wire bus connection. Multiple devices can be con- 
nected to the microwire bus, the only limitations being load- 
ing and available chip select means. In some systems it is 
necessary to have a bi-directional data line as described 
below in 3 wire bus. © 


TL/D/11169~7 
FIGURE 5. Four Wire Connection 


2.3 THREE WIRE BUS 
The 3 wire bus operates in the same mmodé as the 4 wire bus 


with the exception that the Data-In and Data-Out pins on the | 


EEPROM are tied together. When using this connection, 

there are two precautions that need to be observed. _ 

— When Data-In is tied to Data-Out, there is a possible 
conflict between address AO in the instruction sequence 


and the dummy bit. This only occurs during a READ 

cycle. This is not harmful-to the device and the internal 

circuitry of the EEPROM guarantees that the device will 

function properly under this condition. To decrease the 

noise created by the condition, a resistor :may be 

placed in the locations indicated in Figure 6. The timing 
” diagram in Figure 7 shows the bus conflict. 


— The second possible area of conflict occurs when the 
Busy/Ready status is on the Data-Out output. Since the 
device will continue to indicate a Ready status indefinite- 
ly after a programming cycle (until a start-bit is clocked 
in), this can conflict with the beginning of the next cycle 
if leading zeros are clocked in (See Figure 7). The solu- 
tion is to either use a separate cycle to clear the Ready 

- bit or to eliminate any leading zeros from the instruction 
sequence. If the Busy/Ready Polling is not used in the 
application, the easiest solution is to use the NM59C11 
that does not have the polling on Data-Out but hee : on 
a sua re okcalae ‘ 
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FIGURE 7. Three Wire Connection Bus Conflict Areas 





3.0 Timing Considerations 


The following information describing the Microwire bus tim- 
ing must be used in conjunction with the datasheet as it is 
an expansion and clarification of the datasheet. First, the 
basic timings with respect to the clock (SK) will be de- 
scribed, followed by instruction sequence timing, and finally, 
specific information in each instruction sequence. 


3.1. BUS TIMING 


The synchronous data timing shown in Figure 8 is similar to 
that shown in the various datasheets. There is one: signifi- 
cant modification to the timing specification though, the chip 
select (CS) hold time is referenced to the rising edge of the 
clock rather than the falling edge. With this modification, the 
hold time specification must be changed to be the same as 
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tskL 
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the minimum clock (SK) high time. Other significant points 
are: 


— The only active edge of the clock is the rising edge. 


— The only time the clock is necessary is when clocking 
data into or out of the EEPROM. It is not necessary dur- 
ing Busy/Ready Polling. 

— The clock may be left in either the high state or low state 
between cycles. It is safer-to leave the clock in the low 
state. 


— When chip select (CS) is high, clock (SK) is a critical 
signal. With the exceptions noted in Section 2.1.2 tilted 
SERIAL CLOCK (SK), no additional clock cycles or noise 
that crosses the Viy or V\_ thresholds can be tolerated. 
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3.2 INSTRUCTION SEQUENCE DESCRIPTIONS 


3.2.1 READ CYCLE 


The READ cycle requires the host to raise chip select cs) 
and then clock in thru the Data-In (Dl) pin a start-bit, op- 
code, and address. Following clocking in the last address 
bit, the Data-Out (DO) output comes out of the high imped- 
ance state and drives a low level on the output. This is 
referred to as the dummy bit and is a good indication that a 
READ mode has been successfully entered if difficulty is 
encountered during initial debug of a system. The dummy bit 
is clocked out of the EEPROM on the same rising edge of 
SK that clocks in the last address bit, AO. This is shown in 
Figure 9. 


3.2.2 SEQUENTIAL READ 


Sequential read is a read mode available only on the 
NM93CS family. It is entered by entering a READ cycle and 
clocking out the first 16-bit word. After reading the first 
16-bit word if chip select (CS) is kept high, address A + 1 
may be clocked out followed by address A + 2 and so on. 
When the maximum address is reached, the memory contin- 
ues in the sequential read mode at address 0. In this man- 
ner, the host may operate the memory in a continuous loop 
read. When initiating a SEQUENTIAL READ, the first data 


word is proceeded by a dummy bit as in a standard READ, 
although the dummy bit is supressed in all ass data 
words as shown in Figure 9. 


3.2.3 ERASE AND ERASE ALL 


The ERASE cycles return the contents of the EEPROM to a 
clear state which is read as 1's. Itis not necessary for any of 
the CMOS EEPROM described in this article, and is includ- 
ed in the NM93G family, NU93C46A, and NM59C11 only for 
compatibility with older devices that require erasing. It is 
recommended that the erase cycles be eliminated from the 
instructions to simplify the code, speed up writing and to 
improve the endurance obtained in the application. These 
modes are entered by clocking in a start-bit, op-code, and 
address. It is not necessary to clock in the data field as it is 
assumed to be all 1’s. It is necessary:to clock in the ad- 
dress, even in the case of ERASE-ALL where it is “don’t 
care” in all except the first two bits of the address field 
which is used as additional op-code bits. After the full ad- 
dress field has been clocked in, chip select must be re- 
turned to a low level in initiate the erase cycle. In all devices, 
except the NMC9306, programming completion can be de- 
termined by Polling as shown in Figure 4, or a simple 10 ms 
timeout will guarantee programming is complete if polling is 
not used. 
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FIGURE 9. Sequential Read Sequence 
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FIGURE 4. Busy/Ready Polling Sequence 





3.2.4 WRITE AND WRITE ALL 


The Write: and Write All cycles will write a specified data 
word into the specified address, or in the case of-Write All, 
the same data pattern will be written into all locations. In all 
devices a new data pattern may be directly written over an 
existing data pattern without erasing the first data pattern. 
The write mode is entered by clocking in a start-bit, op- 
code, address, and data, The full address field must be 
clocked in for the Write All even though it is don’t care in all 
but the first 2 bits. It is also necessary to clock in a full data 
field to assure correct alignment of data. The write cycle will 
be. initiated after 8--or 16-bit have been clocked into the 
device in some:of the devices and in other devices after 
chip select is brought low regardless of how many data bits 
have been clocked in. Refer to the specific datasheets to 
determine which method is used. 


3.2.5 PROGRAM ENABLE AND PROGRAM DISABLE 


Program enable and program disable are the instructions . 


that enable or disable writing and, where included, erasing. 
The instruction name varies depending on the specific de- 
vice but includes EWEN, EWDS, WEN, and WDS. These 
instructions enable or disable the entire memory array with a 
single instruction. All devices power up in the disable mode 


and once placed in the enabled mode remain enabled until 
a disable instruction is performed or Vcc is cycled. These: 


instructions provide the most basic level of data protection. 
Although since most lost data is the result of the host device 
becoming uncontrolled and performing the. .‘‘Program Sub- 
routine” it may be helpful to structure the software such that 
the enable command is not included in the ‘Program Sub- 
routine”’ but is in a separate subroutine. If a greater degree 
of data security is needed, a NM93CS family device is rec- 


code and an address field of all 0’s while both the PRE and 
PE inputs are at a high level. This instruction must be imme- 
diately proceeded by a PREN instruction. 


3.2.9 PROTECT REGISTER CLEAR 


The protect register clear instruction will clear the contents 
of the Protect Register making the entire contents of the 
EEPROM alterable only if the PRDS instruction has not pre- 
viously been executed. This is done by clocking in a start- 
bit, op-code, and address field of all ones. This instruction 
must be immediately proceeded by PREN instruction and 
requires that both PRE and PE inputs be held at a high level. 


3.2.10 PROTECT REGISTER WRITE 


The Protect Register write command (PRWRITE) allows the 
host to write the protect register with the address where the 
memory is to be segmented into ROM and EEPROM. The 
defined address is the first ROM address and the ROM field 
then continues to the top of memory. To execute this com- 


‘ mand a start-bit, op-code, and address must be clocked in, 


the address field containing the memory address that de- 
fines the ROM/EEPROM boundary. The PRE and. PE inputs 
must be held at:a high level. 


3.3 INTERFACING SOLUTIONS 


‘When interfacing serial microwire EEPROMs to microcon- 


trollers there is an apparent conflict that occurs when se- 
lecting clock polarity and phase. This can be easily over- 
come in most situations, although when using some micro- 
controllers that do not allow selection of either clock polarity 
or clock phase, the only solution may be to resort to bit set 
and bit reset instructions to interface to the EEPROM rather 


‘than use of the serial interface provided on the microcon- 


. troller. 


ommended, or other more elaborate schemes involving re- - 


dundant data storage and polling. 


3.2.6 PROTECT REGISTER READ 


The protect register read (PRREAD) command is the same 
as a word read command except the input PRE must be 
held at a high level and the address is don’t care. In spite of 
the address being don't care, the entire address field must 
be clocked in. On'the Data-Out pin the contents of the pro- 


tect register will be clocked out MSB first descending to . .. 


LSB. 


3.2.7 PROTECT REGISTER ENABLE 


Similar to the programming enable instructions described 
above, the PREN instruction is necessary to perform any 
programming instruction the affects the Protect Register. 
Unlike the enable instructions described above, a PREN 
must immediately proceed each programming instruction 
that involves the protect register. The Protect Register pro- 
gramming instructions are PRCLEAR, PRWRITE, and 
PRDS. 


3.2.8 PROTECT REGISTER DISABLE 


The protect register disable instruction permanently dis- 
ables any further programming instructions to the protect 
register. Therefore it can only be performed once in the 
lifetime of a NM93CS device. The purpose of it is to perma- 
nently configure a portion of the EEPROM as true ROM and 
a portion as Read/Write EEPROM. Great caution should be 
exercised prior to executing this instruction as there is no 
second chance. It is performed by sending a start-bit, op- 
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In the instance where there is a dedicated: serial interface 
provided, the conflict typically occurs as follows. Figure 10 
demonstrates an EEPROM READ as this involves data be- 


‘ing transferred from the micro to the EEPROM (Start bit, op- 


code, and address) and data transferred from the EEPROM 
to the micro (address contents). The conflict occurs in this 
example when the micros clock sets data up on the falling 
edge of SK and expects the EEPROM to accept it on the 


.tising edge, but then expects the EEPROM to do the same 


when it sends data back to the micro. 

1. The micro sets up a data bit. A propagation delay after 
the falling edge the data bit is valid at the EEPROM DI 
pin. 

2. The EEPROM uses the rising edge of SK to clock the 
data bit into its internal register. 

3. When the data direction changes the EEPROM sets the 
data up starting at the rising edge of SK. 

4. The micro attempts to clock the data bit in that was set 
up on clock edge 3. 

This example will work if the micro requires 20 ns or less 

data hold time after edge 4. If greater than 20 ns is required, 

an alternate strategy is needed. 

1a. The micro sets up the data bit on the rising edge and a 

propagation delay later it is valid at the EEPROM. 

2a. The EEPROM clocks the data into its internal register. 

The EEPROM requires only 10 ns data hold time, which 
can normaily be guaranteed. 
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3a. The EEPROM sets the Data-Out up on the rising edge. 


4a. The micro clocks the data into it’s internal registers on 
the falling edge of the clock and a minimum data setup 
and hold time is guaranteed for the micro based on the 
minimum high and low time of the SK clock used in the 
application. , 

It should be noted that in the second example, CS (chip 

select) is asserted when SK is low. If this cannot be done, 

the DI input should be low when CS is asserted. If both DI 

and SK are high when CS is asserted the EEPROM will 


recognize this as a rising edge of SK. To accommodate this 
in a design, it is allowable to clock in any number of logic 
zeros prior to the start bit. 


4.0 Conclusion 


The serial EEPROM offered by National all share a common 
structure. Separating them are various features that give 
benefit to various applications such as the need for a bi-di- 
rectional data bus or need for one byte word width. There 
are a number of “tricks” that may simplify interfacing to 
these which can easily be understood with the help of a 
functional block diagram: Given this information the overall 
job of using a serial interface EEPROM will be simpler. 
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FIGURE 10 © 
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INTRODUCTION 


National Semiconductor’s NM24C EEPROMs are designed 
to interface with Inter-Integrated Circuit (I2C) buses and 
hardware. NSC’s electrically erasable programmable read 
only memories (EEPROMs) offer valuable security features 
(write protection), two write modes, three read modes and a 
wide variety of memory sizes. Applications for the I2C bus 
and NM24C memories are included in SANs (small-area 
networks), stereos, televisions, automobiles and other 
scaled-down systems that don't require tremendous speeds 
but instead cost efficiency and design simplicity. 


12¢ BACKGROUND 


The I2C bus configuration is an amalgam of microcontrollers: 
and peripheral controllers. By definition: a device that trans- - 


mits signals onto the I2C bus is the “transmitter” and a de- 
vice that receives signals is the “receiver”; a device that 
controls signal transfers on the line in addition to controlling 
the clock frequency is the “master” and a device that is 
controlled by the master is the ‘slave’. The master can 
transmit or receive signals to or from a slave, respectively, 
or control signal transfers between two slaves, where one is 


the transmitter and the other is the receiver. It is possible to_ 


combine several masters, in addition to several slaves, onto 
an !2C bus to form a multimaster system. If more than one 
master simultaneously tries to contro! the line, an arbitration 
procedure decides which master gets priority. The maximum 
number of devices connected to the bus is dictated by the 


maximum allowable capacitance on the lines, 400 pF, and’ 


the protocol’s addressing limit of 16k; typical device capaci- 
tance is 10 pF. Up to eight E2PROMs can be connected to 
an |2C bus, depending on the size of the memory device 
implemented. 

Simplicity of the I2C system is primarily due to the bidirec- 
tional 2-wire design, a serial data line (SDA) and serial clock 
line (SKL), and to the protocol format. Because of the effi- 
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cient 2-wire configuration used by the [2C interface com- 
pared to that of the MICROWIRE™ and SPI interface, re- 
duced board space and pin count allows the designer to 
have more creative flexibility while reducing interconnecting 
cost. 


OPERATING NATIONAL SEMICONDUCTOR’S NM24Cs 


The NM24C E2PROMs require only six simple operating 
codes for transmitting or receiving bits of information over 
the 2-wire !2C bus. These fields are explained in greater 
detail below and briefly described hereafter: a start bit, a 7- 
bit slave address, a read/write bit which defines whether the 


_ Slave is a transmitter or receiver, an acknowledge bit, mes- 


sage bits divided into 8-bit segments and a stop bit. 


For efficient and faster serial communication between de- 
vices, the NM24C Family features page write and sequential 
read. 


The NM24C03/C05/C09/C16/C17 Family offers a security 
feature in addition to standard features found in the 
NM24C02/C04/C08/C16 Family. The security feature is 
beneficial in that it allows Read Only Memory (ROM) to be 
implemented in the upper half of the memory to prevent any 
future. programming in that particular chip section; the re- 
maining memory that has not been write protected can still 
be programmed. The security feature in the NM24C03/ 
C05/C09/C17 Family does not require immediate imple- 
mentation when the device is interfaced to the I2C bus, 


which gives the designer the option to choose this feature at 


a later date. Table | displays the following parameters: 
memory content, write protect and the maximum number of 
individual |I2C E2PROMs allowed on an I2C bus at one time if 
the total line capacitance is kept below 400 pF. 


Code used to interface the NM24Cs with National Semicon- 
ductor’s COP8 Microcontroller Family is listed in a latter 
section of this application note for further information to the 
reader. 


TABLE | 


Part No Number of Write Protect Max. 
. 256x8 Page Blocks Feature Parts 
eae ces as ee ee 


NM24C02 


nwzscos | tT ves | 
nwadcos | | Na 


| nmeacos | 2 | os | 
| nwaccoe | 4 | NT 
| waccoo | 4 es S| 
| nwaccte | 8 | Nt 
| nweaci7 |e Tes | tt 
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FIGURE 1. 12C-Bus Configurations 


k Slave aadtens 


Data 


Start Condition 
— Clock and Data line high (Bus free) 
— Change Data line from high to low 


— After tusimin) = 4 #S the master supplies 
the clock , 


B8, ACK —=—«&BB, ACK 


tp tor 


FIGURE 2. I2C Bus Timing 


Acknowledge . : 
— Transmitting device releases the Data line 


— The receiving device pulls the Data line 

low during the ACK-clock if there is no er- 

ror 

— If there is no ACK, the master will gener- 
ate a Stop Condition to abort the transfer 
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Stop Condition 

— Clock line goes high 

— After tup(min) = 4.7 BS the Data lines go 
high 

— The master maintains the Data and Clock 
- line high 


— Next Start Condition after rn = 
. 4.7 ps is possible : a 





START/STOP CONDITIONS 


If both the data and clock lines are HIGH, the bus is not 
busy. To attain control of the bus, a start condition is need- 
ed from a master; and to release the lines, a stop condition 
is required. 


Start Condition: HIGH-to-LOW transition of the data line 


while the clock line is in a HIGH state. 


LOW-to-HIGH transition of the data line 
while the clock line is in a HIGH state. 


The master always generates the start and stop conditions. 
After the start condition the bus is in the busy state. The bus 
becomes free after the stop condition. 


DATA BIT TRANSFER 


After a start condition “S” one databit is transferred during 
each clock pulse. The data must be stable during the HIGH- 
period of the clock. The data line can only change when the 
clock line is at a LOW level. 


Normally each data transfer is done with 8 data bits and 1 
acknowledge bit (byte format with acknowledge). 


ACKNOWLEDGE 


Each data transfer needs to be acknowledged. The master 
generates the acknowledge clock pulse. The transmitter re- 
leases the data line (SDA = HIGH) during the acknowledge 
clock pulse. If there was no error detected, the receiver will 
pull down the SDA-line during the HIGH period of the ac- 
knowledge clock pulse. 


If a slave receiver is not able to acknowledge, the slave will 
keep the SDA line HIGH and the master can then generate 
a STOP condition to abort the transfer. 


lf a master receiver keeps the SDA line HIGH, during the 
acknowledge clock pulse the master signals the end of data 
transmission and the slave transmitter release the data line 
to allow the master to generate a STOP-condition. 


Stop Condition: 


ARBITRATION 
Only in multimaster systems. 


If more than one device are potential masters and more 
than one desires access to the bus, an arbitration procedure 
takes place: if a master transmits a HIGH level and another 
master transmits a LOW level, the master with the LOW 
level will get the bus and the other master will release the 
bus; and the clock line switches immediately to the slave 
receiver mode. This arbitration could carry on through many 
bits (address bits and data bits are used for arbitration). 


FORMATS 


There are three data transfer formats supported: 

— Master transmitter writes to slave receiver; no direction 
change 

— Master reads immediately after sending the address byte 

— Combined format with multiple read or write tranfers. 


ADDRESSING 


The 7-bit address of an I2C device and the direction of the 
following data is coded in the first byte after the start condi- 
tion: 


MSB LSB 


(ele lela 


Slave Address 
TL/D/11268-3 


A “0” on the least significant bit indicates that the master 
will write information to the selected Slave address device; 
a “1” indicates that the master will read data from the slave. 


Some slave addresses are reserved for future use. These 
are all addresses with the bit combinations 1111XXX and 
0000XXX. The address 00000000 is used for a general call 
address, for example, to initialize all 12C devices (refer to l2C 
bus specification for detailed information). 


Master Transmits to Slave, No Directon Change 


s Slave Address Ral A Data 


Data transferred 
(in bytes + Acknowledge) 


"O"= WRITE 


ig oa Ja] | 


TL/D/11268-4 


Master Reads Slave Immediately after First Byte 


Data transferred 
(in bytes + Acknowledge) 


"1" READ 


The master becomes a master receiver after first ACK 


oats a | | 
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Combined Formats 


Ls [sere sesros Leva] a [oat La | s | stove estos Java | oate Ya | | 


Read or Write 


n bytes Data + ACK 
S = Start Condition 


A = Acknowledge 


Read or Write 
. TL/D/11268-6 
nbytes Data + ACK 
P = Stop Condition 


FIGURE 3. 12C-Bus Transfer Formats 
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TIMING 


The master can generate a maximum clock frequency of 
100. KHz. The minimum LOW period is defined.as 4.7 js; 
the minimum HIGH period width is 4 ys; the maximum rise 


SCL Clock Frequency 


Jfo Time the Bus Must Be Free before 
a New Transmission Can Start 


Hold Time Start Condition. After this 


’ Period.the First Clock Pulse is Generated a 


"The LOW Period of the Clock | z= 


. Setup Time for Start Condition 
(Only Relevant for a Repeated 
Start Condition) 


Data in Hold Time | Page 


Setup Time Data 


time on SDA and SCL is 1 ws; and the maximum fall time on 
SDA and SCL is 300 ns. 


Figure 4 shows the detailed timing requirements. 


Symbol . 
" fso. 
tpuF 


top; STA 


‘tLow 
. tsi STA 
4.7 





typ; DAT 


tsu; DAT 
tr 


t 
tsy; STO * 


Rise Time of Both SDA and SCL Lines ; 
Fall time of Both SDA and SCL Lines 
'.' Setup Time for Stop Condition . 


300 


4.7 
4.7 


*Note that a transmitter must internally provide at least a hold time to bridge the undefined region (max. 300 ns) of the falling edge of SCL. 


FIGURE 4. I2C-Bus Timing Requirements 


COP820C 
28-PIN 


FIGURE 5. I2C Bus EEPROM/ uController Configuration Used for Sample Code 


—|l2C bus. compatible C's or peripherals have OPEN 
DRAIN outputs at SDA and SCL. 

— COP800 does not have OPEN DRAIN outputs, but the 
“bus requirements” can be met by switching SDA and 
SCL connections into TRI-STATE® for the following 


cases: 


SOFTWARE TASKS — 
|. Write fixed values to E2PROM cells 


Il. Read values back from E2PROM and save in RAM loca- 
tions from COP 


Note: I2C Bus Modes Used: 


SDA —> 


Master Transmitter scL— Slave Receiver 


<— SDA 


Master Receiver scL—> Slave Receiver 


REMARKS . 


— The |2C bus, 2-wire serial interface generally. requires a 
pull-up resistor on the SDA line and the SCL line, de- 
pending on whether TTL or CMOS hardware interfacing 
exists. 
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NM24C02 
2k BIT 


+5V 
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The bus is not accessed 
A slave has to send an acknowledge bit. 
— MICROWIRE can not be used for l2C bus operations. 


— Current sink capability on SDA and SCL must be 3 mA to 
maintain “Low Level” (an |2C bus spec.). 
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TITLE WC - EEPROM ROUTINES’ 
.INCLD COP800.INC 

.CHIP 840 

LIST X ‘21 


* * *TASK RELATED RAM - DECLARE* * * 


002 ; ADDRESS OF EEPROM 
003 ; WORD ADDRESS EEPR. 
004 ; DATA TO EECELL 

005 ; SECOND BYTE 

010 ; FLAG-WORD 

012 ; READ-DATA FROM EE 
013 ; SECOND BYTE 

014 ; THIRD BYTE 

015 ; FOURTH BYTE 

OFO ; COUNTER FOR BITSHFT — 


EEADR 
EEWRD 
EEDAT1 
EEDAT2 
FLAG 
EEREAD 


BITCO 


INIT: ae 7 
LD SP, | a #06F | 
LD B, PORTLD : INIT LS, L8 FOR EE- 
LD [B+], #00C OPERATIONS 

LD [BI], #00C 

LD B, : a4 #EEDAT2 _; INIT RAMS 

LD [B-}, #034 : FIXEED VALUES FOR 
LD [B-], #012 ; EEWRITE (2 BYTES) 
LD [B-], 7. #0A0 : MIRROR OF #05 

LD [B] oor #025 : MIRROR OF “A5* 


et 2 ee Re &e Re ee eH &e he ke ee eH we ee &e Fe &e re 


; EXAMPLE: IF ADDRESS BYTES IS "1010 010X THEN 
; STORE: "X010 0101 
; INTO RAM (X=0/1; WRITE/READ) 


eee & & & & cet ek tw et fe & 8 RF 


LD PSW, pe 3S ; LOAD PSW 
LD CNTAL, aT? : AND CNTRL REG. 
LD FLAG, eo 


-FORM 


were ereeeenerer ee tee eaeeethen eee enh eee 
1 


.; **** DO WRITE TO EE-PROM **** 


RRR eee eee 
’ 


; (2 BYTE SUCCESSIVE WRITE) 


SBIT 0, ‘ ; ; SET FLAG FOR WRITE 
LD B, ; POINT LPORT DAT REG. 
aa, ;TO MODIFY "SDA, SCL" __ 
RBIT2 (B,C ; PREPARE FOR START, 
JSR STACON : ; CONDITION. 
JSR WAIT ; AFTER WRITE TO EE. 
; WAIT FOR > THAT 40 


TL/D/11268-8 
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RRRRARHREHREARAREHRERHEHRAHRHEEAR 


; ** DO THE START CONDITION ** 
; ** AND SHIFT OUT ADRESS - ** 
; ** BYTE AND WORD-ADRESS ** 
RBIT 3, ; FINISH START COND. 
LD Bye) oe 85 - ; PREPARE TO CLOCK 
Sper See Aaa ae ;OUT ADDRESS. 


LOPA: ; fe ag, eg es mM 
LD BITCO, ge PO co! ;DO SETS OF 8 BITS 


LOPA1; =». oo > 
IFBIT 0, [B] cm, | ; SWITCH SDA BEFORE 
JP ONE, at gee: ;SCL 

RBIT 2, _ 4% _ ; SET BIT LEVLE "0" 

JP CLK : . 


ONE: 
SBIT 2, | ; SET BIT LEVEL "1" 
JP CLK eee . ; ENSURE SAME BIT 

ye ote a Bae Pa ; LENGTH 


CLK: a 
SBIT 3, v Ve ;DO CLOCK PULSE 
NOP 3:3)! me moe 

RBIT 3, | - : 4 ee ; ENSURE> 4USEC ee 

RBIT 2, ne ier ; SWITCH ALSO SDALOW 

.FORM 


LD A, [B) ye ee ; ROTATE BYTE ONE 
RRC A, . Ba ; BIT POS, RIGHT 
X A, [B] ;ANDSAVE |. 
DRSZBITCO Me xt ; CHECK IF 8 BITS. 
JP LOPA1, ; SHIFTED 
LOA, (BH, = wt ; DECREMENT 8 
IFBIT1, —. ae ; CHECK IF READ 
INP Se eS ae ; 3RD BYTE IS NEXT? 
| ;IF SO, THEN READ. 
JSR ACK, ; GET ACKNOWLEDGED 
; WHEN 8 BITS ARE 
mo _. . ; SHIFTED. | 
IFBIT 0, Le . . «» 3 CHECK IF READ. 
JP CECI, f2 eg "OR WRITE OPERATION. 
IFBNE ; ON READ (HERE) 
JMP LOPA, ; __ IF NOT 2 BYTES YET 
RET "| AFTER EE-ADDRESS AND 
| ; WORD ADDRESS ARE SHFT. 


CEC1: ree . 
IFBNE, - eade, a ;1STAND2NDDATA- 
JMP LOPA, < es) ; BYTE (83RD + 4TH) Pe 


+, TL/D/11268-9 
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; NSEC TO PROPERLY 
; ERASE WRITE. 
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LD B, aes #EEDAT2 _—; INIT RAMS 
LD [B-], | #078 ; ANOTHER 2 BYTES 
LD [B-], #056 ; OF FIXED DATA 
LD [B-], #0E0 ; MIRROR OF #07 
LD |B}, #025 § ;MIRROR OF "AS" 
LD B, PORTLD ; POINT LPORT DAT REG. 
; TO MODIFY “SDA, SCL" ; ae | 
RBIT 2, [B], ; PREPARE FOR START 
JSR STACON, ; CONDITION. 
JSRWAIT, | . ; AFTER WRITE TO EE. 
i a ; WAIT FOR > THAN 40 
; MSEC TO PROPERLY 
; ERASE WRITE. 


ee ee 


- **** DO READ FROM EE-PROM **** 


Tere aeee teehee ee eee eeeee ee tae ese 


(READ 4 SUCCESSIVE BYTES) 


; INDICATE READ 

; INIT RAMS 

; MIRROR OF #05 
; MIRROR OF "AS" 


a ee 2 2 | 


: ** FIRST 2 BYTES SAME AS IF WRITE ** 


oe eet etek eee keeenhe eee teeeekrene 


ee (IN TERMS OF TRNSMIT) 
LD B, a ee #PRTLD ; PREPARE 
RBIT 2 [B] WE SS ce : ‘ ;FOR 
JSR STACON, oe Boe wengtis ; START COND. 
or > ; AND SHIFT 1ST 

- : ;2 BYTES. 
SBIT 2, pT aie ats PORTLD ; PREPARE FOR 
NOP, "a ae ; ANOTHER START— 
NOP, ; CONDITION, 
SBIT 3, PORTLD ; SDA HIGH FIRST. 
SBIT 1, FLAG ; INDICATE THAT 

ot, & a ;3RD BYTE IS NEXT 
LD B, eeta ah es #EEWRD > INIT RAMS 
LD [B-], #0A0 ; MIRROR OF #05 
LD [B], #0A5 ; MIRROR OF “A5" 
; PERFORM ANOTHER 

RBIT 2, [B], _* ” PORTLD START 
RBIT 1, : FLAG — . 7 
JMP INIT ; CLOSE THE LOOP WHEN 
.FORM ‘FINISHED 
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NOP, 


-FORM 


PRR RARRERERARRAAR ER ERE Hee 


** GET 8BIT OF DATA FROM EE-PROM ** 


Seah aent ek tthe teheenetettee thet nhe 


GETDAT: 
JSR ACK, 
LD B, 
JP 


GETDAT: 
JSR ACK, 


GETDAT1: 
LD BITCO, 
RBIT 2, 
RBIT 2, 


LOPB: 
SBIT 3, 
RBIT 7, {B] 
IFBIT 2, 
SBIT 7, [B] 
RBIT 3, 
DRSZ BITCO, 
JP SHFT 
LD A, [B+], 
IFBNE 
JMP GETOT, 
SBIT 2, 
JMP STP 


«FORM 


SHFT: 
LD A, [8], 
RRC A 
X A, [B] 
JP LOPB 


eeaeaekeeeeneeaeeneahankheaetatee then ee 


; ** SIMPLE ROUTING TO DO 40 MSEC DELAY ** 


RRaRHRREAARHREH RHR REE KRHA RRR ERE 
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#EEREAD 
GETOT1 


; ESTABLISH STOP- 
; CONDITION 


;GET ACKNOWLEDGMENT 
; POINT FIRST READ RAM 
; AND READ IN 


; ACKNOWLEDGMENT TO EE- 
- ;PROM WHEN 8 BITS 
« | ARE SHIFTED IN. 


; INIT BIT COUNTER | 
; BEFORE READING, PUT 
;'SDA’ INTO HIGH-—Z. 


;DO CLOCK HIGH 
; READ IN EEDATA 
; IN SETS OF 8 BITS 


; DOCLOCK LOW > 

; CHECK IF 8 BITS 

; ARE SHIFTED 

; INCREMENT B 

; CHECK IF 4 BYTES 

; ARE SHIFTED IN? 

; PUT L2=0 

; WHEN TRUE, DO STOP © 
; CONDITION AND 

; RETURN 


; ROTATE BITS ONE 
; POSITION RIGHT 
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WAIT: _ 
LD OF1 


LOPD: 
LD 0F2, 
LOPC: 
DRSZ O0F2, 
JP LOPC, 
DRSZOF1, 
JP LOPD 
. RET 
ACK1: 
SBIT 2, 
JP ACLK, 


ACK: 
RBIT 2, 


ACLK: 
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; SIMPLE WAIT LOOP 


; TO PRODUCE>40MSEC 
; TIMEOUT 


; TO PROPERLY PROGRAM 

; EEPROM. TIME REQUIRED 
; TO ERASE/WRITE 

; THE EEPART. 


; INDICATE TO EE-PROM 
; (PUT DATA LINE LOW) 
; PUT DATA-LINE HI-Z 


“AND GET ACKNOWLEDGE 
8 BITS ARE SHIFTED, 
‘DO A DUMMY CLOCK 


; (FOR ACKNOWLEDGE) 
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INTRODUCTION 

This application note presents a number of solutions to help 
a system designer overcome some possible limitations of 
serial Electrically Erasable PROMs (EEPROMs) to obtain 
greater system performance and flexibility. a 
This note assumes that the reader is familiar with National 
Semiconductor's range of MICROWIRE EEPROMs 


(NM93Cxx and NM93CSxx) and I2G (NM24Cxx) devices. 


1.0 COMPARING SERIAL EEPROM 

INTERFACE STANDARDS 

The two industry standard serial interfaces for EEPROMs 
are the MICROWIRE and |2C-bus specifications. The key 
features of these two interfaces are shown in Figure 7. 


Serial Interface Standards 


po 


SDA 


EEPROM 


SDA SDA—Device selection/address/data 


SCL—Synchronisation clock 


TL/D/11429-1 


MICROWIRE 


EEPROM 


EEPROM. 


Foo | baa ou 
Por | oaain 


TL/D/11429-2 
4 Wire 


Acknowledge 


TL/D/11429-3 
3 Wire 


. 100 kHz 


16 kbit 


8- oF 16-Bit 


Block Write 


Sequential Read 
Number of Devices on Bus Limited by Port Pins 32 Functions, 256 Total Devices 


FIGURE 1. MICROWIRE vs I2C 
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The key advantages of the MICROWIRE interface com- 

pared to the |2C-bus are: a 

® Higher system speed (1 MHz vs 100 kHz) 

©. Greater.memory size (unlimited'vs 16 kbit maximum) 

¢ Address programming pins are not required on’ 
peripherals 

The key advantages of the I2C-bus are: 

® Only requires 2 pins (SDA and SCL) 

¢ Allows easy implementation of a multi-master system 

Both interface standards are supported by a variety of mi- 

crocomputers; some have dedicated interfaces built-in (for 

example National Semiconductor's COPS™), while other 


microcomputers can interface to either standard by toggling 
[/O port pins as required. 


2.0 12C-BUS MEMORY SIZE 


2.1 12C-Bus Concept 


The |2C-bus uses two wires, serial data (SDA) and serial 
clock (SCL) to carry information between various integrated 
circuits connected to the bus. Each device is recognized by 
a unique address and can operate as either a transmitter or 
receiver depending on the function of the individual device. 
A typical 12C-bus system is shown in Figure 2. 


LCD 
DRIVER 


REAL TIME 
CLOCK 
DATA 
CONVERTER 
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FIGURE 2. A Typical I2C-Bus. System 


In addition to transmitters and receivers, devices can also. 


be defined as masters or slaves when performing data 
transfers. : 


Amaster is: | — the device which initiates data transfer 
— generates clock signals 
— terminates a data transfer 
— @.g., a microcomputer 
— the device addressed by a master 
. —@g., a memory 


Aslave is: 


Note: The |I2C-bus is a multimaster bus; each master generates its own 


clock signals when transferring data on the bus. 
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2.2 EEPROM Memory on the i2C-Bus 


The |2C-bus specification allows a maximum of 16 kbits of 
EEPROM. The 4-bit device type identifier string which fol- 
lows the START condition is 1010 for EEPROMs. National 
Semiconductor manufactures a range of different size |2C 
EEPROMs (2k, 4k, 8k, and 16 kbits) to allow a system de- 
signer to select the amount of memory required. 

EEPROMs on the I2C-bus may be configured in any manner 
required, providing the total memory addressed does not 
exceed 16 kbits. EEPROM memory Addressing is controlled 


‘by two methods: 


¢ Hardware configuring the AO, A1, and A2 pins (device 
address pins) with pull-up or pull-down resistors 

e Software addressing the required PAGE BLOCK within 
the device memory array (as sent in the slave address 
string) 


Pin Descriptions 


Serial Clock (SCL) an input used to clock data into and 


out of the memory 


a bidirectional pin used to transfer 
data into and out of the device 


connected to Vcc or Vss to config- 
ure EEPROM address 


| Device | ao] ar| az| Effect ot Address _| 


NM24C02/03] ADR| ADR] ADR] 23 = 8] (8) x (2k) = 16k 
NM24C04/05| X |ADR/ADR}22 = 4/(4) x (4k) = 16k 
NM24C08/09| X-| X. |ADR|21 = 21(4) x (8k) = 16k 
NM24C16/17} X | X | X |20 = 1|(1) x (16k) = 16k 


Serial Data (SDA) 


Device Address Inputs 


_ADR—active pin used for device addressing 


X—not used for addressing (must be tied to ground/Vss) 


Many applications now require greater than 16 kbits of 
EEPROM on an I2C system. For the purpose of this applica- 
tion note we will consider how to use multiple 16 kbit 
(NM24C16/17) devices in an l2C bus system to increase 
the total memory size. 





2c Bus 


SDA SCL 


MASTER 
(MICROCOMPUTER) 


SDA SCL 


NM24C16 
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FIGURE 3. Increasing |2C-Bus EEPROM — 16 kbits 


2.3 Bank Switching I2C EEPROMs 


A circuit to increase the EEPROM memory size of the I2C 
bus, while still maintaining full software and hardware com- 
patibility, is shown in Figure 3. 

The circuit connects the serial clock (SCL) to each memory 
device, but the serial data (SDA) is connected by a multi- 
plexed, bidirectional analog switch (MM74HC4051). The 
MM74HC4051 is an 8-channel analog multiplexer which 


connects together the outputs of 8 digitally controlled ana- . 
log switches, thus achieving an 8-channel multiplexer. . 


These switches are bidirectional, allowing any analog input 
to be used as an output and vice-versa. They have a low 
“on” resistance, typically 502 or less. 


Worst Case Analysis 


The MM74HC4051 is controlled by four inputs; INH which 
enables the switches to be “on” and inputs A, B and C 
which select one of the eight switches. The master (micro- 
controller) generates these four control signals to the 
MM74HC4051 directly. 


In this case a typical software flow would be: 
— set microcontroller port pins to select the NM24C16/17 
required 
— [DEVICE TYPE] — [DEVICE ADDRESS] aad IPAGE 
‘BLOCK ADDRESS] — [BYTE ADDRESS] 
This means that this low cost solution still maintains full 
|2C-bus compatibility. 


8 MM74HC4051 
2c. 
eerie speciation: Solution Specification 


Cmax = 400 pF (Note 1) 


fmax = 100 kHz (Note 2) 
10 ys Period 
lol max = 3mA 


= 90 pF max 

= 15 ns max 

= 5 ns typical 
Ron max = 1409 





Note 1: The maximum number of devices connected to the |2C-bus is controlled by the maximum allowable 


capacitance which is 400 pF per line. 


Note 2; The maximum l2C system clock is 100 kHz. The propagation delay through the MM74HC4051 is small 
enough to ensure that data set-up time of 250 ns min is not violated. 
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3.0 ACCESSING SERIAL EEPROMs 
3.1 12C System 
READ Operations 


3.1.1. Random Read 


Random read allows the master to access any memory location in a random manner. The master first Serica a “dummy” write 
operation, then issues a start condition followed by the slave address and then the word address to be read. (See Figure 4.) 
A i is i Pee. ie: 
BUS ACTIVITY: * SLAVE - \ -WORD , T SLAVE : ae ‘ 


T 
MASTER - ADDRESS : ADDRESS n ADDRESS 

——_—_—_—— SS — 
SDA LINE be aed 


BUS ACTIVITY: . a: 
NM24CXX a ae 
~% TL/D/11429-6 


FIGURE 4. Random Read 


3. 1.2 Sequential Read 


A sequential read operation allows the master to read a continuous stream of data from the memory without having to keep 
clocking in the word address and waiting for the memory to assert the ACK signal. 


Sequential reads can be initiated as either a current address read or random access read. The first word is transmitted as 
normal, however, the master now responds with an acknowledge (ACK) to indicate that it requires additional data. The memory 
continues to output data for each ACK received until the master does not send an ACK and generates a STOP condition. 


The address counter increments all word address bits, allowing the entire memory contents to be read during one operation. 
When the top memory address is reached then the counter “rolls-over” to zero and continues counting. (See Figure 5.) 


- BUS ACTIVITY: = SLAVE . A A 
MASTER ADDRESS SO © Ac I CS OO 
7 K 


K 
. ; r 
aie Ba 


dee ee een sO oO” 


cas sede : ' DATA n+1 “ paTAn#2 a : DATA n +x 


TL/D/11429-7 


FIGURE 5. Sequential nest : 


3.1.3. Current Address Read . 
Internally the NM24Cxx devices contain an address counter that maintains the address of the last word ert incremented 
by one. Therefore, if the last access (either a read or write) was to address n, the next read operation would access data from 
address n +..7, without the need for the master to transmit the 8-bit mond address ante then wait a the NM24Gxx acknowledge 
signal, before transmitting the data. (See cae 6) . 


BUS ACTIVITY: re: 


; 
MASTER Rp ADDRESS 
T ———— ——— 


Be 


BUS ACTIVITY: : 
NM240XX" op «AK 


FIGURE 6. Current Address Read _ 


, DATA 
TL/D/11429-8 


Write Operations 


3.1.4 Byte Write 
The normal write sequence is : shown i in Figure 7 


s 
BUS ACTIVITY: T SLAVE 
MASTER Rp ’ ADDRESS © 
T 


SDA LINE 


BUS ACTIVITY: a 


NM24CXX K 
TL/D/11429-9 


FIGURE 7. Byte Write 


The master clocks the data into the NM24Cxx, and upon receipt of the ACK generates a STOP condition, at which time the 
NM24Cxx begins the internal write cycle to the nonvolatile memory. While the internal write cycle is in progress the NM24Cxx 
inputs are disabled, and the device will not respond to any requests from the master. 


All NM24Cxx EEPROMs have a Write cycle time of Ty, = 10 ms MAXIMUM for 5V systems. 
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3.1.5 Page Write 


The NM24Cxx devices are capable of a sixteen byte page write. The master starts the operation in the same manner as the ae 
write but instead of terminating it continues to transmit up to fifteen more words. The internal address counter in the memory 
automatically increments to the next address. When the master has finished writing data to the memory, it terminates the write 
cycle in the usual way when an internal write cycle occurs in the memory. 


This method results in a single Ty, delay instead of sixteen. This is useful for applications such as saving data after detecting a 
power failure when speed of writing is critical. 


s 
BUS ACTIVITY: HW SLAVE 
MASTER) R ADDRESS WORD ADDRESS (n) ; DATA n+1 DATA n+ 15 
———_————— 


SDA LINE 


BUS ACTIVITY: A 
NM24CXX K 


TL/D/11429~10 
FIGURE 8. Page Write 
3.1.6 Typical Ty, vs Maximum Ty, 


Good design practice recommends using “worst-case” timing calculations rather than typical figures. After a master had 
initiated an internal write cycle in the memory there are two options before the next cycle can begin: 


1. Master waits Twr MAX = 10 ms 
— this ensures that all “worst-case” write cycles will be finished | 
. or 
2. Master “polls” memory to detemine if the write cycle is complete Ty, TYP = 5 ms 
With option 2 the master can start polling immediately after starting the internal memory write cycle as follows: 
{STOP] — [START]. — [SLAVE ADDRESS FOR WRITE OPERATION] -—> [POLL ACK] 


IF no ACK then NM24Cxx still BUSY doing internal write 
else NM24Cxx completed write cycle 
master can proceed with next read or write operation. 


This method can make significant improvements to overall system performance. 
Note: After receiving a no acknowledge the master should output a stop condition to free the |2C-bus for other operations. 


3.2 MICROWIRE Systems 


3.2.1 Read Mode 


A typical Read access is shown in Figure 9. The rising edge of CS is used to sélect and reset the EEPROM. Then the 
microcomputer clocks in the start bit and opcode for a read cycle using serial clock (SK) and Data In (DI pins). This is followed by 
the address where data is to be read from, after which the data is oulpul via Data Out (DO) pin: 


SYNCHRONOUS DATA TIMING 


OH 
DO (READ) Yo. 


V, 


OH - 
DO (PROGRAM) y STATUS VALID 


ob 
TL/D/11429-114 
— Chip Select (CS) used to differentiate between various devices on bus. 
— Rising edge of CS resets internal circuitry of EEPROM. 
— Low-to-High transition of shift clock (SK) shifts all data in and out. 
— CS brought low before next rising edge of SK to initiate self-timed programming cycle. 


FIGURE 9. Read Mode 
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3.2.2. Sequential Read 
All National’s NM93CSxx devices support sequential read allowing the complete memory array to be read in a single operation. 


Address 
Counter 


Memory 


TL/D/11429-12 
CMOS: Sequential Read 
Allows the user to obtain an endless 
loop of data simply by entering the 
read mode. 
— >» Reduces overhead ~ 
— 50% faster read 


Note: The NM93Cxx devices do NOT support secure read. 
FIGURE 10. Sequential Read 


3.2.3 Write Mode 


A write cycle is entered in a similar way to a read cycle;.first the start bit and opcode for a write cycle are clocked in via DI, 
followed by the address and data to be written. The self timed programming cycle is initiated by bringing CS low before the next 


rising edge of SK as shown in Figure 77. 


3.2.4 Typical Twp vs Maximum Twp 


When the MICROWIRE EEPROMs the designer has three options to determine when the device has finished a programming 
cycle (either a write or erase instruction) as shown in Figure 77. 


Option 1: pprocessor/,controller waits for Twp(max) = 10ms 
Option 2: wprocessor/ controller polls Data-Out (DO) for Busy/Ready status ee = 3ms 
Option 3: if using the NM59C11 there is a separate RDY/BUSY pin: Twpityp) = 3 ms 


WRITE: 


——S 


Address bit A6 and A4 become “don’t care” for NM93C08. 
Address bit A7 becomes a “don’t care” for NM93C56. 


TL/D/11429-13 
FIGURE 11. BUSY/READY Polling Options 
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All MICROWIRE EEPROMs can use options 1 or 2, and in the case of the NM59C11 there is a separate RDY/BUSY pin which 
the microcontroller/microprocessor can poll to determine the programming status. 


4.0 WRITE PROTECTED MEMORY 


4.1 12C EEPROMs 
National Semiconductor manufactures two versions of I2C EEPROMs: a “standard” version (NM24C02/04/08/16) and a 
“secure” version (NM24C03/05/09/17). The “secure” devices are fully software compatible with the standard devices plus 
they use one of the unused pins to implement a hardware write protect for the upper half block of the memory array. 

if ; a : 


IF WP=+Voo READ ONLY 


we IF WP =0V READ & WRITE 


EEPROM n 
2k Sn Ss 16k-bits 
SCL 


SDA 


0 
TL/D/11429~14 


2k <n 16k 
_ FIGURE 12. I2C Secure Memory System 


If the master does attempt to write to the protected memory, then the NM24C03/05/09/17 will accept the slave and word 
addresses, but will not generate an ACK, thus the programming cycle will not be started when the STOP condition is asserted. 


4.2 MICROWIRE EEPROMs 


All NM93CSxx devices have the security feature which allows the user to define a portion of the memory to be write protected, 
either permanently or temporarily. This is useful for storing secure information in a system, such as calibration data. To control 
the secure memory involves a combination of setting a hardware pin and various software instructions as shown in Figure 13. 


— Protect Register: 

Input PRE must be high and PREN 
‘ ‘instruction executed before a write 

to protect register 

— Disable Cell: 
Set via PRDS instruction, input 
PRE must be high and PREN in- 
struction executed 
PRDS is a one time only instruction 

— Address in register defines first lo- 
cation to be protected 

— Protect register may be altered un- 
less PRDS is executed 


Protect 
Register 


TL/D/11429-15 


FIGURE 13. Memory Protect Register 
Data in serial MICROWIRE EEPROMs is further protected from spurious write cycles (especially during power transitions) by 
including a program disable mode which will automatically abort any requested Erase or Write cycles. Figure 14 shows the 
suggested instruction flow for maximum data integrity with National’s MICROWIRE EEPROMs. 


ET SY . : 
MAIN POWER SUPPLY | 


4.5V-5.5V 
Voc 


5.5V > Vcc > 4.5V —-| 
MAINTAINED ON CAPACITOR 


me Sevosl_ eel] procram L Jew aL. EWENL J ProcRam | Jewos 


(ERASE, WRITE, 
ERAL OR WRAL) 


: TL/D/11429-16 
*EWDS must be executed before Voc drops below 4.5V to prevent accidenta! data loss during subsequent power down and/or power up transients. 


FIGURE 14. Protecting Data in Serial EEPROMs 
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Typical Instruction flow for Maximum Data Protection - 

— Although EEPROM in non-volatile, the problem exists that stored data‘can be destroyed during power transitions. — 

— All National Semiconductor serial EEPROMs when initially powered up are in Program Disable Mode. In this mode it will abort 
any requested Erase or Write cycles. 

5.0 EEPROM ENDURANCE AND SYSTEM LIFETIME 


5.1 EEPROM Definitions. 


The two main specifications which determine the system reliability and lifetime of an EEPROM are ‘Endurance and Data 
Retention. 


Endurance: The number of data changes of an EEPROM before any bit fails to write correctly. . 


Data Retention: The ability of an EEPROM cell to retain charge once it has been programmed for extended periods under static 
or dynamic conditions of voltage or temperature. 


Parameters which affect Endurance are: 


¢ Programming Duty Cycle and Waveform: Although the NM93Cxx devices can have a Fsx (max) 1 MHz, it is important to 
make sure that the duty cycle is such that tsxy (SK high time) and tsx_ (SK low time) have a minimum value of 250 ns. 


¢ Ambient Write Cycle Temperature: The colder the operating temperature the better the endurance will be. For example 
25°C vs 90°C will show approximately a 2:1 improvement. 


© Programming Time: All National EEPROMs are self-timed and the programming time cannot be varied by the user, guaran- 
teeing reliabie system and lifetime performance. 


¢ Programming Voltage: The lower the programming voltage Vpp the longer the required timing period Twp: All National's 
EEPROMs operate from a single Vcc supply and have an on-board Vpp generator which is Voc independent. This ensures 
.that all National EEPROMs are both easy to use and highly reliable. The programming voltage cannot be varied by the user. 

5.2 Read Cycles 

Read cycles are non-destructive so all EEPROMs have the capability for an infinite numberof reads. 


5.3 Data Changes 


With an EEPROM it is important to look at the endurance or number of write cycles the device can support. There are ‘ve 
types of write sequence to consider with EEPROM technology: 


1) Erase before Write 


As the names suggests, a memory location must be erased before it can be written to. A ad software flow for a write 
instruction is: 


— send ERASE instruction to memory address n 
— send WRITE instruction to memory address n 
Disadvantages 
— must perform 2 dedicated instructions 
— slower system performance (2 instruction cycles, 2 Twp delays) 


— each write operation requires 2 data changes; 
i.e., endurance specification is effectively halved 


2) Autoerase 
— send WRITE instruction 
— EEPROM automatically performs ERASE instruction, then performs the WRITE operation 
Disadvantages 
— still need 2 data changes for each WRITE Eye thus reducing system performance and halving endurance rating 
3) Direct Write ‘ 
— single WRITE instruction, no ERASE needed 
— writes over existing memory contents 
— eliminates ERASE cycles 
Advantages ; 
— single instruction, faster system performance 
— single data change for each WRITE instruction 


All National Semiconductor CMOS EEPROMs (both MICROWIRE and [2C) use Direct Write method giving the highest system 
performance, reliability and endurance characteristics of CMOS EEPROMs available on the market today. 


When looking at EEPROM endurance specifications it is necessary to look more specifically at the number of data changes 
(ERASE & WRITE) per write cycle. National specifies 1 write cycle to be 2 data changes (to be consistent with other manufactur- 
er’s datasheets whose products are either Erase before Write or Auto Erase), so the figure of 500k Write cycles is actually 
equivalent to an endurance figure of 1 Million (106) data changes. 


National Semiconductor produce full product qualification booklets giving process performance and reliability characteristics; for 
a copy contact your local National Sales representative. 
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6.0 CONCLUSION 
National Semiconductor offer the widest range of serial EEPROMs covering two main industry standard serial interfaces; 
MICROWIRE: 
e.g. NM93Cxx, NM93CSxx 
size: 256-bit —> 4 kbit (16 kbit coming) 
I2C: 
e.g. NM24Cxx 
size: 2k —> 16 kbits 


All these EEPROMs offer the same high specifications of: 
Endurance: 106 data changes 

Direct Write: no erase cycle required 

Data Retention: “greater than 40 years 

Self-Timed Write Cycle: typical write cycle time 5 ms 
Sequential Read: NM93CSxx, NM24Cxx devices 
Memory Protect: NM93CSxx, NM24C03/05/09/17 


These features make them easy to use, allowing the system designer to achieve high performance, highly reliable systems. 
REFERENCES 

National Semiconductor Memory Databook 

National Semiconductor CMOS Logic Databook 
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Software for Interfacing 
the COP800 Family 
Microcontrollers to 
National’s 

MICROWIRE™ EEPROMs 


ABSTRACT 


National’s NM93Cxx and NM93CSxx family of serial 
EEPROMs have MICROWIRE “slave” interfaces that direct- 
ly connect to the MICROWIRE ‘‘master” interfaces on the 
COP800 family of 8-bit microcontrollers. Peak data transfer 
rates are as high as 1 MB on the 4 wire MICROWIRE bus. 
This application note includes the essential assembly lan- 
guage software to address MICROWIRE EEPROMs. 


HARDWARE INTERFACE 


A schematic for connecting a COP800 family microcontrol- 
ler to one of Nationals NM93Cxx family MICROWIRE 
EEPROMs via the microcontrollers dedicated MICROWIRE 
port is shown in Figure 7. National makes two basic families 
of MICROWIRE EEPROMs, the classic NM93Cxx series 
and the newer full featured NM93CSxx series. The 
NM93CSxx series EEPROMs have a sequential read capa- 
bility and the ‘“S” in “CS” stands for sequential (the “C” 
implies CMOS). As can be seen the “CS” series devices 
have two additional pins which control write protect features 
(consult a data sheet for information on their function). By 
connection these pins to Voc and GND as shown in 
Figure 2, it becomes possible to use either “C” or “CS” 
family parts in the same physical socket. This would be de- 
sirable if a change from a “C” series part to a “CS” series 
part is possible for reasons of product upgrades or simply 
manufacturing inventory control. Pins 6 and 7 on the “C” 
series parts are true no connects and thus can be tied to 
Voc or ground harmlessly. 


COP8XX 





TL/D/11491-1 
FIGURE 1. Basic National MICROWIRE 
Interconnection to a COP800 Family Part 


NMS3CXX 


COP8XX or 
NMS3CSXX 


TL/D/11491-2 
FIGURE 2. This schematic allows either a 
NM93Cxx or NM93CSxx part to be used in the 
same socket. Software can then be adjusted 
to take advantage of the “CS” series advantages 
without making changes to the board. 


National Semiconductor 
Application Note 841 
Robert Stodieck 


If it’s desirable to use both types in the same socket without 
being forced to make software changes, one must be care- 
ful not to use the sequential read capability of the “CS” 
series. Both types of parts should be tested in the socket 
before the software is frozen. 


NM93C06 to COP8XX Family Software Detalls 


Always consult the latest data sheets for information about 
timing variables mentioned in the text that follows. These 
numbers were correct at the time that this application note 
was written but are subject to change.» 


1. The SK clock frequency must not exceed 1 MHz. Consult 
the processor data sheet for details. 


2. The CS low time following a write must exceed 250 ns. 
This starts the internally timed write operation. The DO 
line will leave the high impedance state if CS goes high 
again and will drive low until the internal write cycle is 
complete. After DO returns high, indicating “ready” the 
first rising edge of SK with CS high and DI high will return 
the DO pin to the high impedance condition. This condi- 
tion is normally the start bit of the next instruction. 


The DO pin will be low for up to 10 ms and then go high to 
indicate that the write is complete. If a new instruction is 
attempted before the DO pin returns high it will be ig- 
nored and the DO pin will not go tristate. The DO pin will 
always go to the tristate condition when CS is low. 


. Opcodes are either 2-bits or 4-bits long depending on the 
instruction type and are always preceded by a “‘start-bit’”’ 
of a logic one. Any number of leading zeros can be 
clocked in before the start-bit (the sample assembly code 
inserts seven). Addresses are either 6 or 8-bits long de- 
pending on the density of the device. The combined op- 
code and address field is 8-bits for the smaller devices 
(93C06 and 93C46) and 10-bits for the larger devices 
(93C56 and 93C66). On the opcode types that do not use 
addresses, all of the “dummy” address bits must be 
clocked anyway (the combined opcode/address field is 
constant number of clock cycles). 


.On read operations the data out stream starts with a 
dummy zero. On NM93Cxx family EEPROMs, it is accept- 
able but not required to have extra clocks after the 16th 
actual data bit. On NM93CSxx family EEPROMs, extra 
clocks after the 16th actual data bit will begin to read the 
next data word. 
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Notes on the Assembly Code: 


The subroutines that follow are adequate to quickly pilot the 
programmers task of addressing a serial EEPROM of the 
NM93Cxx family. Additional subroutines can very easily be 
adapted from these to handle the additional opcode types 
of the NM93CSxx series parts. Enough code has been in- 
cluded to allow the code to operate in a stand-alone fash- 
ion. However, when integrating the routines in to another 
program, initialization statements affecting global variables 
such as initializing the stack point or the X or B registers will 
need to be moved, deleted or replaced by statements in the 
main program. . 
The assembly code uses a software timer loop to time out 
the write time of the EEPROM. The programmer should be 


aware that it is possible to use the EEPROMs own internal 
timer to accomplish this task. This is done by monitoring the 
EEPROMs DO line after taking the EEPROMs CS line low to 
start a write and then setting CS high again to re-enable the 
DO output.. The write is complete when the DO (of the 
EEPROM) drives high. Using the EEPROMs internal timer 
will allows the microcontroller time to accomplish some oth- 
er task in the 10 ms that the write or erase operation re- 
quires. If the DO line is to be used to indicate that the write 
is complete, other MICROWIRE components on the bus 
must wait for the EEPROM writes to time out before being 
accessed (the DO line is in use). 

The code was tested on a COP820 device via a Metalink In 
Circuit Emulator. The code should translate to other 
COP800 devices with little or no modification. 


NM93C06 and NM93C46 Opcodes and Address Flelds* 


‘Write Enable 
Write Disable 
Erase All 
Write All 
Read 
Write 


Write Enable 
Write Disable 
Erase All 
Write All 
Read 

Write 


A7 AB AS 
A7 AB AS 


*Note: All Opcode/Address Fields must be preceded with a leading “1" as a start-bit. 
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Read Cycle ©. 


fe Start |" “Read : . _Address a 
_ Bit Sp- Code » 


_: Dummy Bit 


.TL/D/11491-3 


Write Cycle 


CEXEX 
| Start | Write | Address :[| Data oo. _: | Busy| Ready 
Bit Op- Code ; : : 


DO KS $$ oe 


TL/D/11491-4 
FIGURE 3. Read and Write cycle waveforms. Notice that one leading 
‘zero is shown before the start-bit. The actual code inserts seven. - 


sdedeiedeiedieleiehinieiediahininieabdaiedieiedehdaiedaieiaiidaiaieiiiak taba’ 


THIS PROGRAM PROVIDES SUBROUTINES TO HANDLE COP820 OPERATIONS ON 


THE NM9SCO6 EEPROM I.E., WRITES, READS, ERASES, ENABLES AND DISABLES 
SEO OF EEE SEES GCOS GEIR EOE AEE 


eINCLD COP820. ING 


sReserving RAM locations for bey variables 
RDATL = 1 ;LOWER BYTE OF THE NM93CO6 MEMORY DATA READ 
RDATH = 2 ;UPPER BYTE OF THE NM9SCO6 MEMORY DATA READ 
WDATL = 3 ;LOWER BYTE OF THE DATA TO BE WRITTEN TO NM9SCO06 
WDATH = 4 ;UPPER BYTE OF THE DATA TO BE WRITTEN TO NM9SCO06 
sTHE LOWER 4=BITS OF THIS LOCATION CONTAINS THE ADDRESS 
30F THE NM93CO6 MEMORY LOCATIONS TO BE READ/WRITTEN 
sTHE UPPER NIBBLE MUST BE ZEROS 
sUSED FOR THE COMMAND BYTE TO BE WRITTEN (Local Scratch Pad) 
sLOCATIONS RESERVED FOR WRITE TIMEOUT VALUES 


sUSED FOR PROGRAM FLAGS (Local Scratch Pad) 
3;FLAG VALUE DEFINITIONS 

300 ERASE, ENABLE, DISABLE, ERASE ALL 
301 READ CONTENTS OF NM93C06 REGISTER 
303 WRITE TO NM93CO6 REGISTER 

sOTHERS ILLEGAL COMBINATION 
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;THE INTERFACE BETWEEN THE COP820C/840C AND THE NM9SCO6 (256-BIT EEPROM) 
sCONSISTS OF FOUR LINES. THE GO(CHIP SELECT LINE), G4(SERIAL OUT 0:3 


3G5(SERIAL CLOCK SK) AND G6(SERIAL IN SI). 
SGOIGIGIG ICICI GIGI ICICI ICI GIGI GI I II IKK 


INITIALIZATION, MODIFY MOVE OR DELETE WHEN INTEGRATING INTO MAIN PROGRAM 
s;USE ONLY IF SP WAS NOT PREVIOUSLY INITIALIZED 
LD SP,#02F sINITIALIZE STACK POINTER 
LD PORTGC,#031;SETUP GO, G4, G5 AS OUTPUT 
LD PORTGD,#000 ;INITIALIZE G DATA REG TO ZERO 
LD CNIRL,#008 ;ENABLE MSEL, SELECT MW RATE OF e2TC 


LD X,#SIOR ;SET THE X REGISTER TO POINT TO SIOR 
LD B,#PSW ;SET THE B REGISTER. TO POINT TO PSW 


sEXAMPLE SUBROUTINE CALLS ONLY, DO NOT INCLUDE IN FINAL CODE LOAD 
;ADDRESS IN LOCATION "ADRESS" HIGH AND LOW BYTE TO BE WRITTEN INTO 
sWDATH AND WDATL AND CALL THE SUBROUTINE, 

JSR EWEN 

JSR WRITE 

JSR EWDS 

JSR READ 
DONE: JP DONE 


;THIS ROUTINE ERASES THE MEMORY LOCATION POINTED TO BY THE ADDRESS 
sCONTAINED IN THE LOCATION "ADRESS”. THE LOWER NIBBLE OF THE VALUE 
3IN THE LOCATION “ADRESS” IS THE NM93CO6 REGISTER ADDRESS. THE UPPER 
sNIBBLE SHOULD BE SET TO ZERO. 


ERASE: LD A,ADRESS 
OR A,#0C0 
X  A,SNDBUF 
LD FLAGS,#00 
JSR INIT 
RET 


:THIS ROUTINE ENABLES PROGRAMMING THE NM93CO6 (SHEN) « 


EWEN: LD SNDBUF,#030 
LD FLAGS,#00 
JSR INIT 
RET 


sTHIS ROUTINE DISABLES PROGRAMMING OF NM93CO6. 


EWDS: LD SNDBUF,#00 
LD FLAGS,#00 
JSR INIT 
RET 


THIS ROUTINE ERASES ALL REGISTERS OF NM9SCO6. 


RAL; LD SNDBUF, #020 
LD FLAGS,#00 
JSR INIT 
RET 
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3sTHIS ROUTINE READS THE CONTENTS OF THE NM93C06 REGISTER. THE ADDRESS 


31S SPECIFIED IN THE LOWER NIBBLE OF LOCATION “ADRESS”. THE UPPER 
sNIBBLE SHOULD BE SET TO ZERO. THE 16-BIT CONTENTS OF NM93CO6 REGISTER ARE 
s;STORED IN RDATL AND RDATH. 


READ: LD 
OR 
xX 
LD 
JSR 
RET 


A, ADRESS 
A, #080 
A,SNDBUF 
FLAGS , #01 
INIT 


sTHIS WRITES A 16=-BIT VALUE STORED IN WDATL AND WDADTH TO THE EEPROM © 
;REGISTER WHOSE ADDRESS IS CONTAINED IN THE LOWER NIBBLE OF THE ~ 
sLOCATION “ADRESS”. THE UPPER NIBBLE OF THE ADDRESS SHOULD BE SET TO ZERO. 


WRITE: LD 
OR 
x 
LD 
JSR 
RET 


A, ADRESS 
A, #040 
A,SNDBUF 
FLAGS , #03 
INIT 


;sTHIS ROUTINE SENDS OUT THE START BIT AND COMMAND BYTE. IT ALSO 
sDECIPHERS THE CONTENTS OF THE FLAG LOCATION AND MAKES A DECISION 
sREGARDING WRITE, READ OR RETURN TO THE CALLING ROUTINE. 


INIT: SBIT 0,PORTGD 


LD 


SBIT 


PUNT: 


SIOR,#001 
BUSY, [B] 
BUSY, [B] 
PUNT1 

A, SNDBUF 
A, [X] 
BUSY, [B] 
BUSY, [B] 
PUNT2 

0, FLAGS 
NOTDON 
0,PORTGD 


1, FLAGS 
WR9SC 
SIOR,#000 
BUSY, PSW 
BUSY, [B] 
BUSY, [B] 
BUSY, [B] 
PUNTS 

A, [X] 
BUSY, [B] 
A,RDATH 


3SET CHIP SELECT HIGH 
sLOAD SIOR WITH START BIT 
3;SEND OUT THE START BIT 


sLOAD SIOR WITH COMMAND BYTE 
3;SEND OUT COMMAND BYTE 


sANY FURTHER PROCESSING? 
3;YES ™ 
3NO, RESET CS AND RETURN 


;READ OR WRITE? 

3JMP TO WRITE ROUTINE 

3;NO READ NM9SCO6 

sDUMMY CLOCK TO READ ZERO 
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IFBIT BUSY, [B] 
JP PUNT4 

LD A, [X] 

x A, RDATL 
RBIT 0,PORTGD 
RET 


WRO3C: LD A,WDATH 
Xx A,[X] 
SBIT BUSY, [B] 
PUNTS5: IFBIT BUSY,[B] . 
JP PUNTS 
LD =A, WDATL 
x A, [X] 
SBIT BUSY,[B] 
PUNT6: IFBIT BUSY, [B] 
JP PUNT6 
RBIT, '0,PORTGD 
JSR TOUT 
_ RET . 


Lp8-NV 


so 
sROUTINE TO GENERATE DELAY FOR WRITE 
EGG GIGIOIGIOCIOI CISC GIGI GIGI IOI ICICI OR a IR ICI HCI ak 


. 
’ 


TOUT: LD  DLYH,#007 ;CHECK YOUR OSCILLATOR--PROCESSOR COMBINATION 
sTUNE FOR 10 MS DELAY 

WAIT: -  -DLYL, #OFF 

WAITL: DLYL 

WAIT 

DLYH 

WAIT 
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Upgrade to National’s Wide. 
Voltage Range, Zero 
Standby Current EEPROMs 


ABSTRACT 


National’s NM93CO6L, NM93C46L, and NM93C56L 
EEPROMs and the new NM93C06/46/56LZ series devices 
operate across a 2.0V to 5.5V range suitable for unregulat- 
ed battery powered operation. In addition, the new 
NM93C06/46/56LZ devices have ultra-low standby cur- 
rents ideal for portable applications using very small batter- 
ies. 


PERSONAL ELECTRONICS GAIN SOPHISTICATION 


Many personal electronic items have moved from being per- 
ceived as trendy novelties to being viewed as mainstream 
personal or business appliances. Consumer familiarity, in 
turn, produces sophistication in the market for features. The 
ability to retain memory through battery changes and other 
types of power failure is highly desirable. Implementation of 
such sophisticated features requires RAM with battery back 
up or EEPROM memory. z 


Battery backed up RAM is usually far more expensive and 
functionally less attractive than EEPROM memory. Battery 
backed up RAM requires: 


1. RAM 

2. Battery holder 
3. Battery 
4 


. A door or other method to allow the battery to be re- 
placed 


5. New batteries to be located and replaced by the owner 
EEPROM on the other hand requires: 
1. EEPROM. 


Serial EEPROM is invariably the cheapest and most com- 
pact solution for memory requirements up to 16 kbits. 


CORDLESS PHONES 


Memory dialing, noise reduction signal processing, and mul- 
ti-channel operation with low noise channel selection capa- 
bility, are now standard features for better quality cordless 
phones. Cordless phones are now moving to serial 
EEPROMs which can retain memory dial phone numbers 
and other parameters even through the inevitable dead bat- 
tery and line power outage events. 


Cordless phones have limited battery life. Memory dial data 
and other feature settings stored in RAM are subject to loss 
from dead batteries if implemented in the hand unit, or line 
power outages if maintained in the base unit. Reprogram- 
ming ten or more numbers for a memory dialer each time 
this happens is not desirable. Implementation of memory 
dialing and other features in the environment of a cordless 
phone requires RAM with a battery back up or EEPROM 
memory. 


National Semiconductor 
Application Note 870 
Robert Stodieck 


The length of time a phone can be left off its charger when 
not in use without the battery going dead is called standby. 
The cordless phone in standby normally leaves the radio 
receiver on to listen for incoming calls so that it can ring 
locally. : 


Standby and off hook time power consumption are dominat- 
ed by the linear circuitry of the radio transmitter and receiv- 
er. Furthermore, the batteries in this application are relative- 
ly large and are frequently recharged. Thus, this application 
does not usually require the extremely low standby currents 
that can be achieved with the “LZ” series serial EEPROMs. 
But a broad range of Vcc voltages are encountered in this 
application. Most cordless phones use a stack of three Ni- 
Cad batteries for power. This produces a nominal voltage of 
3.6V, but during charging this may go as high as 4.0V, and 
may drop into the 2.7V range in use. Some types of cordless 
phones use other battery technologies and battery counts. 
For example, stacks of 2 lead acid cells are also used pro- 
ducing a 4V nominal Vcc. The 2.0V to 5.5V Vcc range al-. 
lowed by the “L” series of serial EEPROMs accommodates 
all the common Vcc ranges. 


PAGERS 


Paging units are a second example of high technology elec- 
tronics gone blasé. Unlike cordless phones, pagers use reg- 
ulated batteries for power and thus, do not need wide Vcc 
range EEPROMs. Since the batteries are small and power is 


a concern, low voltage operation is an advantage, as are 
very low standby currents used by the ‘‘LZ” series. 


ELECTRONIC CAMERAS 


All electronic cameras also make use of the NM93C46LZ 
and NM93C56LZ devices. This application generally uses 
regulated batteries to guarantee a constant 5V. But the bat- 
teries tend to be small and the camera spends much of its 
life on the shelf. Parameters stored in the electronic memo- 
ry on these new cameras include shutter speed and focus 
calibrations that must never be lost in the life of the camera, 
and the frame counts and other details that change in serv- 
ice but which must not be lost when the battery dies. 


The parameters connected with the many features found on 
these cameras are best retained in EEPROM. The small 
batteries and the long periods of inactivity involved require 
an EEPROM with very low standby currents to avoid running 
down the battery when not in use. With a standby current of 
less than 1 pA, the “LZ” series parts handle these applica- 
tions with ease. 


LEARNING REMOTE CONTROL UNITS 


Alas, you have taught your new remote control unit to con- 
trol the volume on your TV, it has mastered the slow ad- 
vance on the video cassette recorder, it turns on and off the 
CD player, and your local soap opera is recorded daily 
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thanks to VCR Plus™ function. If the designer hasn't stored 
the critical information required in an EEPROM, one had 
better hope the battery never dies, or one will again become 
a slave to his “personal assistant” while retraining the 
beast. Owners of many first generation VCRs and televi- 
sions with digital random access tuners know the feeling 
well. Random access tuners allow their owners to skip over 
all the channels that could not be accessed in the area or 
that the owner simply did not like. But, if the power cord was 
even briefly disturbed or if the power went down, the tuner 
had to be retrained, a time consuming operation. 

Both learning remote controls and digital tuners are more 
likely now to cure these problems by using EEPROM. TV 
and VCRs do not need low voltage, wide Vcc range, or low 
standby current parts, but the remote control units frequent- 
ly do. The scenario is familiar: 

1. Unregulated batteries are used. 


2. The batteries are not large or frequently recharged. 


3. The units spend relatively little time actually in use. 
4. Long battery life is desirable. 


Smart remote controls benefit from the wide Vcc range and 
low standby characteristics of the NM93C46LZ and 
NM93C56LZ serial EEPROMs. ‘ 


SUMMARY 


Serial EEPROMs offer by far the most compact and low 
cost non-volatile memory solutions for common consumer 
applications. The need for serial EEPROMs continues to 
grow with increasing consumer sophistication and growth of 
the personal electronics market. National’s LZ products 
have wide operating voltage ranges and very low standby 
power and are particularly appropriate for battery powered 
applications of all types. 
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Interfacing the NM29N16 in 
a Microcontroller 
Environment 


INTRODUCTION 


The NM29N16 is a 2Mbyte NAND Flash EEPROM memory 
that operates from a single 5V supply. This device does not 
have the parallel data, address, and control bus interfaces 
traditionally found on memory devices. The NM29N16 uses 
a byte wide serial interface with internal address, data, and 
control registers. The serial interface dramatically reduces 
the number of pins required to interface to the NM29N16. 
While the interface is nontraditional, it can easily be inter- 
faced to standard microcontrollers. This application note de- 
scribes how the NM29N16 can be interfaced to the Motoro- 
la 68HC11 microcontroller. 


68HC11 INTERFACE 


The NM29N16 can be interfaced to a microcontroller using 
the data bus, control bus, and a few I/O port bits. Figure 7 
shows the NM29N16 interfaced to a minimal 68HC11 sys- 
tem. The 68HC11 is configured in the expanded multiplexed 
mode which allows access to external memory devices. 
Most microcontrollers offer a mode that allows access to 
external memory and the NM29N16 should fit easily into all 
of these environments. 


The 1/Os of the NM29N16 were connected directly to the 
68HC11 data bus. The NM29N16 occupies addresses 
COO0H to DFFFH in the 68HC11 memory map due to the 
use of a three to eight (74HCT138) address decoder. While 
8Kbytes of memory is taken in this design, the NM29N16 
only requires a single address (COOOH) out of that block. 
Due to timing constraints, the RE (Read Enable) and WE 
(Write Enable) signals must be ORed with the COOOH ad- 
dress decode signal. CE (Chip Enable), CLE (Command 
Latch Enable), and ALE (Address Latch Enable) are con- 
trolled directly from three 68HC11 I/O port bits. The R/B 
(Ready/Busy) status output of the NM29N16 is polled by 
one I/O port bit. 


A MAX707 pP supervisory chip is used to drive the RESET 
input of the 68HC11. The MAX707 forces its RESET output 
low until Voc reaches 4.75V. Once Voc exceeds 4.75V the 
RESET output remains low for an additional 200 ms before 
going high. This RESET output is also used to drive the WP 
(Write Protect) input of the NM29N16 to insure against inad- 
vertent writes when Vcc is below 4.75V. 


National Semiconductor 
Application Note 910. 
Cliff Zitlaw 

Rob Frizzell 


68HC11 TO NM29N16 COMMUNICATION .- ae 
Information is transferred back. and forth with a. series of 
read and write operations that access the NM29N16 data, 
address and control registers. Loading the address register 
is accomplished by bringing CE low, ALE high and then 
loading data through the data bus with write operations to 
address COOOH. Control register access is performed in a 
similar manner except that CLE is. brought high instead of 
ALE. Data register access is performed when both ALE and 
CLE are low. | . aes ie” < noo 
The EEPROM array in the NM29N16 is not directly accessi- 
ble from the controller. An intermediate data register is used 
to transfer a page (264 bytes) of information back and forth 
between the EEPROM memory and the external controller. 
There are three basic forms of data transfers; erase opera- 
tions that operate on a 16 page block, program operations 
that alter the contents of a single page, and read opera- 
tions. During these three operations the R/B output goes 
low until the transfer or erase has completed. 


A read operation is performed with a four step sequence. 
The command register is first loaded with the read instruc- 
tion. The address register is then loaded with the page and 
byte address to access. At this point an internal recall oper- 
ation is performed to transfer the contents of an EEPROM 
page to the 264 byte data register. After the recall has com- 
pleted the accessed data is finally accessible by reading the 
contents of the data register. This is accomplished by puls- 
ing RE low to read out sequential bytes. 


Erase and program operations are performed similarly by 
accessing the data, control, and address registers. The sim- 
ple access to these registers allow software routines that 
are as simple as that required to interface with a traditional 
parallel memory device. 


SOFTWARE DRIVERS FOR A 68HC11 TO NM29N16 
INTERFACE 


A software listing is provided to demonstrate several fea- 
tures of the NM29N16. Different subroutines were devel- 
oped that perform the basic read and write functions. These 
routines can be used with only minor modifications to inter- 
face the NM29N16 to any microcontroller. 
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Sel-v 


P4t U7 


Po5/35 
PD4/SCK 
PD3/MOS 
PD2/MISO 
PD1/TXD 
PDO/RXD 


PAO 
Pat 
PA2 
PAS 
PA4 
PAS 


MAX707 


M68HC11F1 





7T4HCTOO 


T4HCTOO 


FIGURE 1 


74HCTOO 


Yee 


P75 Ui 
[P22 Ui_ 


TAHCT32 
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KRHREKKKREKEKEKKEEKEKEEE EEE EEK EKEEKREEEREKKK KER KEKE KEE KEKE REEEKEEKKKKEKEKK 
This code was developed to demonstrate how the NM29N1i6 EEPROM can be * 
interfaced to the MC68HC11 microcontroller. The software includes * 
several subroutines that perform various interface functions. The * 
subroutines include: * 

* 

Read a page of information (264 bytes) out of the NM29N16*_ 

Read a byte from data memory , 

Read a byte from redundancy memory 

Program a byte in redundancy memory 

Program a byte in data memory 

Program an entire page (256 bytes data, 8 redundancy) 

Erase a block (16 pages) ae 4 

Read the Status Register 

Read the manufacturer code and the device code 

Tag blocks that are not fully functional 


* 

* 

* 

* 

* 

* RDPAG 
* RDDAT1 
* RDRED1 
* PGMRED 
* PGMDAT 
* PGMPAG 
* ERASE1 
* STATUS 
* READID 
* 

* 

* 

* 

*& 

* 

* 

* 

* 

* 

*& 

* 

* 


INIT 


a a ee ee ee 


The 68HC11 interfaces to the NM29N16 by using the data bus, control 
bus, and a few I/O port lines. The NM29N16 requires only one address* 
location when configured in this manner. ._The data bus is directly 
connected to the EEPROM. Three I/O lines drive CLE, ALE, and CE. 

One I/O line is used to monitor the R/B output. 


* 
* 
* 
ta * 
The mainline was used to test the functionality of the subroutines... * | 
The subroutines can be copied directly into a customer’s program and * 
be expected to operate as described. The final mainline onty * 
performs a block erase and verify. * 
FEO IC ICCC CIAO CAAT OCCT TTC TTI TAIT A ITT IAA IAA 
KEEKKKKKKKKRKKRKR RR KKK 


* ADDRESS LOCATION EQUATES * - 
RHEKKEKEKER ERK EEK EK RRERREKK 


DDRD EQU $09 ; gee D direction | ‘register 
PORTD EQU $08 port D ‘data register 
FLASH - EQU $coo0o , NM29N16 = $C0O00 to $DFFF 


REKKEEKKKKEEKEKEREKKRKEKKEKRE 


* BIT POSITION EQUATES * 
HREKKEERKEEEREEIRERER KEK 


CEBIT EQU $20 CE position in port D 
CLEBIT EQU $10 CLE position in port D 
ALEBIT EQU $08 ALE position in port D 


REKRKEKEKKEKRKEEEREREEKKKKKKKKKKKK 


* VARIABLE ADDRESS EQUATES * 
KKK KERRIER RE EERIKEE 


HIPG EQU $0180 high order page pointer 
LOPG EQU $0181 low order page pointer 
ADD EQU $0182 ; byte pointer within a page 
DATVAL EQU $0183 data transfer register 
BLOCK EQU $0184 

BLOCKL EQU $0185 


KRHEKKEEKREKKKKEKEKKEE 


* RESET VECTOR * 
RHEKKKKEEEKEKKEEEEK 
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ORG 
FDB 


SFFFE 
SEOO0O 


RRKKEKKKKKEKEKKKKKKKRKEKKKKKRKKEK 


* PROGRAM STARTING LOCATION * 
KKK KEKE EEEEKEKRREREKKEKRREK 


BEGIN: 


ORG 
LDS 
LDX 
LDAA 
STAA 
LDAA 
STAA 
BCLR 
BCLR 


KEKKKKKKKKKRK 


* MAINLINE * 
HKKKKEKEREKER 


LOOP : 


LDAA 
STAA 
STAA 
JSR 
JSR 


BRA 


SEO000 

#SO01FF 

#$1000 

#SFF 

PORTD,X.- 

#$3B 

DDRD,X 

PORTD,X #CLEBIT 
PORTD,X #ALEBIT 


#$00 
LOPG 
HIPG 
ERASE1 
STATUS 


LOOP 


reset vector to $E000 


program execution begins at $E000 
initialize stack pointer 

initialize "address index register" 
initialize I/o ports 


CE=1 CLE=0 ALE=0 initially 


wait until reset loop 


kkkkkkhkkhkkkhkkkkkhhhhhhkhekhkkhkhkhkkkkekkekekkhkkhkkaekkekhhkhkhkhhkkkhhkkkkkhkekek 
* RDPAGE copies a page from the NM29N16 into SRAM memory on the 68HC11.* 
* All 264 bytes (data and redundancy) are copied into the SRAM buffer. * 
* The page number to be transfered is passed in the variables LOPG and * 
The EEPROM data is copied into the 68HC11 SRAM between * 


* HIPG. 


* addresses OOOOH and 0107H. 
KREKEKKKEEKEKKEEEEKEKEKEKEKRKEKKEREEREEKKRKKKRKKKRKKKKKRKKKKKK KKK KR KK 


RDPAGE: 


BSET 
BCLR 
LDAA 
STAA 
BSET 
BCLR 
BSET 
BCLR 
LDAA 
STAA 
LDAA 
STAA 
LDAA 
STAA 
BCLR 
JSR 

LDY 

LDAA 
STAA 
INY 

CPY 

BNE 

BSET 


PORTD,X #CLEBIT 
PORTD,X #CEBIT 

#$00 

FLASH 

PORTD,X #CEBIT 

PORTD,X #CLEBIT 
PORTD,X #ALEBIT 
PORTD,X #CEBIT: 
#$00 

FLASH 

LOPG 

FLASH 

HIPG 

FLASH 

PORTD,X #ALEBIT 
WAIT 

#$0000 

FLASH 

$00,Y" 


#$0108: 
NEXTR ; 
PORTD,X #CEBIT 


* 


load READ(1) instruction into 
the command register 


load the byte pointer in the address 
register with 00H (start of page) 


load low order page number 


load high order page number 
wait for recall into data register 


read data from EEPROM and fill SRAM 
buffer with data register contents 


loop until all 264 bytes have 
been transfered 


TL/D/11825-3 
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JSR WAIT ; . pause to assure EEPROM is idle 
RTS ; 


PTET ITI C TTT CTLILTT STILT TTT LT TITS TILT STIS I TILT CC IS TTITLLTT CLIT TL TTT Le rT Ty 
* RDDAT1 and RDRED1 are used to read the contents of a single address * 
* in the EEPROM array. Data can be read from either the DATA portion * 
* of the array (RDDAT1) or the REDUNDANT portion (RDRED1). The * 
* location to be accessed is defined in the variables ADD, LOPG, and * 
* HIPAG. LOPG and HIPG define the page to be accessed and ADD. * 
* indicates a position within the page. ADD can range between 0 and * 
* 255 for DATA accesses or: between O and 7 for REDUNDANT accesses. * 
* 
* 


The value in the chosen location is returned in the variable DATVAL.* 
KRHRAEKEEKKEERKKKEKRREKKEKREKKEA KERRIER REE KKK K 


RDDAT1: LDAA #$00 READ(1) command 
BRA RDJUMP | : ae 

RDRED1: LDAA #$50 READ(2) command 

RDJMP: BSET PORTD,X #CLEBIT 
BCLR PORTD,X #CEBIT 
STAA FLASH load appropriate READ command into 
BSET PORTD,X #CEBIT the:command retister 
BCLR PORTD,X #CLEBIT 
BSET PORTD,X #ALEBIT 
BCLR PORTD,X #CEBIT 
LDAA ADD load the byte address into the 
STAA FLASH address register 
LDAA LOPG 
STAA FLASH : ; load the low order page number 
LDAA HIPG 
STAA . FLASH. load the high order: page number 
BCLR .. PORTD,X #ALEBIT. : os Cos he 
JSR - WAIT - *. wait for recall to data register 
LDAA FLASH load the value from the chosen 


LDAA FLASH 


STAA DATVAL ' address and save the result in DATVAL 
BSET PORTD,X #CEBIT ee: 

JSR WAIT pause until EEPROM is idle 

RTS 


RRKEEREEKK ERE EERE EERE REE EREKEE KEKE EEE EKER EE EKEKEREREKEEREREEKREKKKEEE 
PGMRED, PGMDAT, and PGMPAG are used to program either a single byte * 
or an entire page. During program operations the entire data register* 
must be loaded and then the contents transfered to an EEPROM page. 
EEPROM bits can only be flipped from a one (erased state) to a zero 
(programmed state) during:a program operation. To program a single 
byte the entire data register must be filled with FFH except for the 
byte that is to be programmed. During the programming cycle bits. 
that are zero in the data register will force the corresponding bits 
in the chosen page to the zero state, other bits will remain | 
unchanged. 


These routines use a SRAM data array located on the 68HC11 between 
address 0000H and 0107H. This array is transfered byte for byte into 
the NM29N16 data register during the data load portion of the 
programming cycle. If single byte is to be altered the location 

in the SRAM array corresponding to the address to be programmed is 
loaded with the new data and all other addresses in the array are 
filled with FFH. 


Ce ee 2 
+e ee HH HF eH HH + HH HF F 


TL/D/11925-4 
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* * 
* The routines PGMRED and PGMDAT are used to program a single byte in * 
* redundant or data memory respectively. The data value to be updated * 
* is contained in the variable DATVAL, the page number is contained in * 
* PGLO and PGHI, and the byte position within the page is contained in * 
* ADD. * 
* * 
* * 
* * 
* k 
* * 


The routine PGMPAG assumes that the SRAM array already has the data 
that will be programmed into the EEPROM. PGLO and PGHI contain the 
page number to be programmed. , 
RREKEKEKEKKEKEKEKEEKRE KERR KERR EEE REE KEKE EERE REKR EK KKK KKKKEKER KE EKKEEEKE 


PGMRED: JSR FILLFF fill SRAM array with FFH 

LDY #$0100 load Y with redundant memory offset 

BRA PGMB 
PGMDAT: JSR FILLFF fill SRAM array with FFH © is 

LDY #$0000 load Y with data memory offset 
PGMB: LDAB ADD data or redundant address to alter 

ABY calculate absolute address in page 

LDAA DATVAL 

STAA $00,Y write new data byte into SRAM array 
PGMPAG: BSET PORTD,X #CLEBIT 

BCLR PORTD,X #CEBIT 

LDAA #$80 load command register with 

STAA FLASH data input command 

BCLR PORTD,X #CLEBIT : 

BSET - PORTD,X #ALEBIT 

LDAA #$00 load address register with 

STAA FLASH start of page 

LDAA LOPG 

STAA FLASH load low order page number 

LDAA HIPG ane 

STAA FLASH load high order page number 

BCLR PORTD,X #ALEBIT 

LDY #$0000 

LDAA $00,Y transfer data from SRAM array 

STAA FLASH into the NM29N16 data register 

INY . 

CPY #$0108 loop until all 264 bytes have 

BNE LOADB been transfered 

BSET PORTD,X #CLEBIT 

LDAA #$10 load command register with 

STAA FLASH start program command 

BSET PORTD,X #CEBIT 

BCLR PORTD,X #CLEBIT : 

JSR WAIT pause to make sure EEPROM idle 

RTS . 


FILLFF: LDY - #$0000 fill SRAM addresses 0000H to 
LDAA #SFF 0107H with FFH 
LOOPF: STAA $00,Y ' 
INY 
CPY #$0108 
BNE LOOPF 
RTS 


RRAEKEKEKKEKEEKREEREKEEKEREEKEE ERE EKEREREKEEKEKEKRKKKKKEKKRKKKEKKKKKKRKKKKKKKKKKKKKKKK 


* ERASE1 performs an erase operation on a single block (16 pages). The * 
* block to be erased is specified in the variables LOPG and HIPG. The * 
* lower 4 bits of LOPG are not used so that the least significant bit of* 


TL/D/11925-5 





4-129 


OL6-NV 


AN-910 


* the block number is the 5th bit of LOPG. The block number is _ 
* specified in LOPG (bits 4-7) and HIPG (bits 0-4). * 
HIKE IKKE KEKE KKK KER ERR KEE ERIE REE KERR RRR ERE REE REE EREREEEEERKEEEEERE 


ERASE1: BSET PORTD,X #CLEBIT 
BCLR PORTD,X #CEBIT 
LDAA #$60 load command register with 
STAA FLASH block erase command — 
BCLR PORTD,X #CLEBIT : 
BSET PORTD,X #ALEBIT 
LDAA ~=LOPG load low order block number 
STAA FLASH (XXXX0123) 
LDAA HIPG load high order block number 
STAA FLASH (45678XxXX) 
BCLR PORTD,X #ALEBIT 
BSET | PORTD,X #CLEBIT 
LDAA #$DO load command register with erase 
STAA FLASH execution command 
BCLR PORTD,X #CLEBIT 
BSET PORTD,X #CEBIT 
JSR WAIT pause until EEPROM is idle 
RTS 


KKREKKEREREKEREK EERE KEREREKKKKKRKEE 
* STATUS is used to read the NM29N16 status register. This command can * 
* be used after erase and program cycles to determine if the results * 
* were successfull. The contents of the status register are returned in* 
* the variable DATVAL. * 
KARE KKK KEKE RRR EERE REE EKREEKRKEREKREKERKEKKKKKKKKK 


STATUS:. BSET PORTD,X #CLEBIT 
BCLR PORTD,X #CEBIT 
LDAA #$70 , load command register with 
STAA FLASH status read command 
BSET PORTD,X #CEBIT 
BCLR PORTD,X #CLEBIT 
BCLR PORTD,X #CEBIT 
LDAA FLASH read status register 
STAA DATVAL save results 
BSET PORTD,X #CEBIT 
RTS 


KHKEKKREKREEKERKEERKEKEKEREEKEERRREKKEEREREREEEKREEEEKERKEEEEREREEKKEREEREKKKKKK 
* READID is used to read the NM29N16 device and manufacturer codes. * 
* The manufacturer code is returned in the A Fedaeece and the device* 


* code is returned in the B register. * 
KAKEKEEKRERKEKERKRKEEKEKRKEEKEKREKRKEKEKEREEEEEREKEREEEREKEKEREKEKERKEKEEERREEKKKKEKKEK 


READID: BSET PORTD,X #CLEBIT 
BCLR PORTD,X #CEBIT 
LDAA #$90 load the command register with 
STAA FLASH the ID read command 
BSET PORTD,X #CEBIT 
BCLR PORTD,X #CLEBIT 
BSET PORTD,X #ALEBIT 
BCLR PORTD,X #CEBIT 
LDAA #$00 load the address register with 
STAA FLASH address 0 
BCLR PORTD,X #ALEBIT : 
LDAA FLASH read the manufacturer code 


TL/D/11925-6 
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LDAB FLASH read the device code 
BSET PORTD,X #CEBIT 
RTS 


KEKE RKEKRERREREREREREEREKEREEREKKKERKERRRERRKERKEKKEKKKKKKKKKKRKKK 


* WAIT is used to pause until the NM29N16 returns to the ready mode. * 


* The routine polls the R/B (ready/busy) pin until it returns high. * 
KEKE KKKEKKEKEK KKK KKKEKE KERR RIKER RERKEKKEKEKEKKKEKREKKEEK 


WAIT: LDAA PORTD,X check bit 2 of port D (R/B line) 
ANDA #$04 
CMPA #$00 
BEQ WAIT loop until R/B returns high 
RTS : 


RAKHI KKK REE KEKE KER ERR ER EREKREKEREKEREEKEREKEERERREKEKEKEKKKRRKRKKRK KKK 


INIT is used to determine which blocks in the NM29N16 are usable. The * 
sequence is as follows: ot 


* 
Start with block 0 * 

Erase and verify block * 

Write SAA to each page in the block and verify * 

Erase and verify block * 

Write $55 to each page in the block and verify * 

Erase and verify block * 

If steps 1-5 were successful tag the good block with data $FO * 

in address 0 of the redundancy memory in page 0 of the block * 

just verified * 

8 Step through all 512 blocks * 
KEKE KEKKEKREKKRKKEERERREKEERKRRERKEREREKREKREREKEERERKEREKEREKEKRKKRKKKKRKKKKREK 


+e be te FF HE HF HF 


INIT: LDY #$0000 start with block 0 
STY BLOCK 
LOOP1: LDY BLOCK 
STY HIPG 
JSR ERASE1 erase block 
JSR . STATUS see if erase was successful 
LDAA DATVAL 
ANDA #901 ca 
BEQ NXTSTP . jump to BADBLK if erase unsuccessful 
JMP BADBLK 
NXTSTP: LDAA #SAA verify that $AA can be written 
JSR FILLXX to all pages in the block 
LDY BLOCK j 
LDAB #SOF start with page 15 and work down 
CLC to page 0 
ABY 
STY HIPG 
LDAA #$00 
STAA ADD 
JSR PGMPAG program page with SAA 
JSR STATUS see if programming is successful 
LDAA DATVAL 
ANDA #$01 
BNE BADBLK jump to BADBLK if bad page found 
LDAA LOPG ; 
ANDA #SOF loop until all pages have been 
BEQ DONEAA tested 
DEC LOPG step to next page in the block 
BRA LOOPAA being verified 
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DONEAA: 


LOOPSS: 


DONESS: 


BADBLK: 


DONE: 


FILLXX: 
LOOPF2: 


JSR 
JSR 
LDAA 
ANDA 
BNE 
LDAA 
JSR. 
LDY 
LDAB 
CLC 
ABY 
STY 
LDAA 
STAA 
JSR 
JSR . 
LDAA 


-ANDA 
BNE 


LDAA 
ANDA 
BEQ 


-DEC 


BRA 


“JSR 


JSR 


LDAA. 


ANDA 
BNE 
LDAA 


STAA 


LDY 
STY 
LDAA 
STAA 
JSR 
LDY 
CPY 
BEQ 


,.CLC 


LDAB 
ABY 
STY 
JMP 


RTS 


LDY 
STAA 
INY 
CPY 
BNE 
RTS 


ERASE1 
STATUS 
DATVAL 
#01 


BADBLEK . 


#$55 


FILLXX- 


BLOCK 
#S0F 


HIPG 


,#$00 


ADD 
PGMPAG 
STATUS 
DATVAL 
#$01 
BADBLK 
LOPG 
#S0F 
DONE55 
LOPG 
LOOP55 
ERASE1 
STATUS 
DATVAL 
#01 


BADBLK 


#$F0 


“ DATVAL 


BLOCK 
HIPG 
#$00 
ADD 
PGMRED 
BLOCK: 
#$1FFO 
DONE 


#$10 


"BLOCK 


LOOP1 
#$0000 
$00,¥ 


#$0108 
LOOPF2 


. erase block 
see if erase was successful 


jump to BADBLK if erase unsuccessful 


verify that $55 can be written to 


all pages in the block 


start with page 15 


program page with $55 
see if programming is successful 


jump to BADBLK if bad page found 


‘loop until all pages in block 
‘have been verified... 
step to next page 


erase block 

see if erase. is successful 

jump to DATVAL if bad block found 
jump. to BADBLK if erase unsuccessful 
‘tag good block by writing $FO into 


byte 0, page 0 (redundancy memory ) 
of the block just verified 


exit routine if all 512 blocks 
have been tested 


step to next block (16 pages) 
go verify next block 


fill SRAM addresses OOOOH to 
0107H with value in A reg 
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SUMMARY 


The NM29SN16 provides an extremely flexible interface for 
many systems. By not utilizing address lines, the device 
gives designers the ability to incorporate multiple mega- 
bytes of memory without the use of an expensive processor 
or system bus. The application described here is only one 
example of this. With this architecture, the NM29N16 should 
enable new types of portable systems to be developed. 
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National Flash Memories— 
Hardware Design Guide 


National offers two types of Flash Devices, namely NOR 
type and NAND type. The device densities ranging from 
1 Mbit to 16 Mbit, suited for various kinds of applications like 
BIOS code storage, Solid state file storage, Image file stor- 
age, etc. Some of the devices also feature Auto program/ 
erase operations which aid in elegant, compact program- 
ming code, 

This note describes the various hardware considerations 
that a system designer has to consider when using Nation- 
al’s Flash devices. 


ORGANIZATION 


1. DEVICE CONSIDERATIONS 


This section addresses the various issues like program- 
ming voltage (Vpp) generation and control, Voc consid- 
erations, etc. 


. NOR DEVICES 


The NOR Flash device section covers the individual de- 
sign considerations for the following Flash devices - 


NM28F010: 1 Mbit, byte wide device. 
NM28F040: 4 Mbit, byte wide device. 
NM28F044: 4 Mbit, byte wide device. 
. NAND DEVICE 
This section covers NAND type NM29N16 device, which 


is a 16 Mbit, 5V only device ideally suited for large file 
storage type of applications, like Solid state Disk, 
PCMCIA based Memory cards, etc. 


. ICP (In-Circuit Programming) 


Finally, this note also discusses the In-Circuit Program- 
ming (ICP) in general, and the various types of ICP con- 
figurations available today. 


1.0 DEVICE CONSIDERATIONS 


Vpp Specifications: National's Flash devices have +5% 
tolerance specification on the 12V level that is required for 
Vpp. This specification is guaranteed by most of the off-the- 
shelf industry standard power supplies. In fact the PC-AT® 
system power supply has a +5% and —4% tolerance 
specification on the + 12V level. 


FROM POWER 
SUPPLY +5V 
TAP 


SWITCH_ON 


POWER 
SENSING 
CIRCUITRY 


POWER OK 


SYSTEM RESET 


National Semiconductor 
Application Note 921 
P. Mohan Prasad 


12V 1/P 





MOSFET 
Switch (Roy <= 42) 
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The Figure 7 represents a typical MOSFET Switch for the 
12V line in the interface design towards Flash devices. 
MOSFET of the above configuration is available from a 
number of vendors, and MTD4P05 Motorola device is one 
good example. The only consideration is that the ON-RE- 
SISTANCE of the selected Switch should be low enough to 
keep the Vpp 0/p within +5% tolerance range. 


The 12V Vpp programming voltage required for Program- 
ming/Erasing operations on the device is gated from the 
source (power supply’s + 12V TAP) through an enabling cir- 
cuitry (e.g., a MOSFET Switch) to the Flash memory’s Vpp 
pin. An enable signal from the system's control circuitry, 
say, ‘Vpp__EN” could then be used to switch ON/OFF the 
12V path to the Flash memory’s Vpp Pin. 


Usage of this 12V Switch achieves two purposes: 


1. Having the Switch turned off during power up ensures 
that Vpp voltage at the Vpp Pin of the device doesn't 
ramp up before the Vcc ramps to the required 5V level, 
which is a basic requirement for the Flash device. 


. In systems, especially laptop portables, having 12V sup- 
ply enabled ON continuously is not a favourable choice 
in terms of the power drain of the Battery, since the need 
for 12V on the Vpp Pin is only during Programming/Eras- 
ing, etc. operations and not for the typical Read opera- 
tion. Hence a Switch to turn on the 12V for Vpp only 
during the required limited times saves considerable 
power. 

Additional Considerations: The Figure 2 shows a typical 
circuit of a power control circuitry. This kind of a circuitry 
helps in improving the data integrity. The power sensing de- 
vice in essence monitors the power supply’s 5V output and 
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asserts a ‘‘power OK”’ signal only when the input Vcc is matched ‘Power supply in terms of the Power wattage 
within the tolerance limits. When the input Vcc levels cross ’ against the total expected maximum load on the 5V line. 
the tolerance level, the “power OK" signal is deasserted Also adequate powerline decoupling especially around the 
_ (driven low) which in turn switches off the MOSFET switch memory devices and high speed switching devices should 
and thus disabling the 12V from reaching the Vpp Pin any- be ensured, which would take care of the Vcc droop caused 
more. System's reset signal is also coupled along with this by device switching to be within the tolerant limits. 


“power OK” signal to take care of power_up and warm . Power Sequencing: To protect the device against any data 


reset conditions. “Switch ON” signal is an output from sys- corruption during Power cycling the following power se- 
tem control circuitry which determines when to apply 12V at quencing is required. 


the Vpp pins of the Flash device under peal operations. Power On Condition: Vpp must be applied only after Veo 
Vpp Generation: In the above discussion itis assumed that stabilizes to within 5V +5% and while CE is high. 


the 12V +5% supply is readily available in the system, but 

for systems where this tolerance requirement is not met or Pe nase ; a ie 
; 7 . stabilizes to within 5V +5% and while CE is high. Voc can 

when the 12V +5% supply is not available at all from the only be turned off after Vpp has reached OV. 

system power supply there are ample Vpp Generation cir- 


cuits available which generally employ one-of the following _ The sample circuit shown in Figure 2 employing a power 
techniques. sensing unit inherently takes care of the Power-Sequencing 


required, without any additional logic. 


Power Off Condition: Vpp must be turned off after Vcc 


1. DC to DC conversion. 
2. Regulation from a higher voltage (Down conwersion);; . 2.0 NOR DEVICES 
3. Voltage boosters (5V to 12V). 1. NM28F010 (128k x 8) 


A number of solutions employing the above mentioned -The following note describes the In-circuit programming as- 
techniques are available from National Semiconductor. pects for a system using National’s NM28F010 Flash mem- 
Please refer to the listing given at the end of this note for ory device. . 


the source. NM28F010 is a 1,048,576 bit Flash Electrically Erasable 
Voc Specifications: NSC Flash devices have a tolerance ~. and Programmable Non-volatile memory device. It features 
specification of +5% on the 5V Vcc line. Though most of single command for typical operations like READ, CHIP 
the available Power supplies have a +5% tolerance specifi- ERASE and PROGRAM allowing ease of use for in-circuit 
cation on their + 5V line, variation of this voltage within this programming from within a system. 


tolerance range is dictated by the system loading and Software Considerations: The following two tables depict 


switching frequency of the devices at any given instant of the various modes of NM28F010 Flash device operation 
time. Proper consideration should be given in choosing a . and the command definitions to set to a particular mode. 


Mode Selection Table 
) _ Signals 


Mode 
| WE | OE | Address | Data | Voc | Vep | Power 
Read Data 
Tete te ft a ; i | i 
Active 
Guth a) \ a 
Deselect i | - 


Impedance 

Standby Peet | Sai 

Hi eae | WE Command. | J : 
ee Command 
. ali — 


PROGRAM/ERASE 


Output oe 
Output 


*H of L 
Note 1: Reter Command Definition Table 
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Command Definition pants 


First Bus Cycle 


Function 


| ot | ware | 
| 2 | WaITe | 
| 2 | ware | 
{2 | ware | 


eee 


Read 

ID Read 
Chip Erase 
Erase Verify 


Program Setup/ 
Begin 


Program Verify 
Reset 


“Hort 


SYSTEM 
PROCESSOR 


Address 


Byte Address 


Byte Address 


Interface Block Diagram 
ADDRESS — 
LINES 


Second Bus cycle 


Hf wa | 


WRITE 


Hares Data 

. NAL. 

’ Mfg/Dev ID 
20H 


EV Data 


0x0H/0x1H 


Byte Address WR Data 


_ WV Data 
FFH.,. 


DECODE and 
MEMORY 
CONTROL 


CPU CONTROL 


CONTROL 


SYSTEM 


CONTROL 
CIRCUITRY 


Vpp 


ITCH_ON 
Sans Vpp GEN and ; 


SWITCHING 
CONTROL 
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Operating Modes: NM28F010 features seven modes of ' 


operation as shown in COMMAND DEFINITION TABLE. 
Setting the device to any particular mode is by writing an 
appropriate opcode to the Command register of the device. 
Note that the Command register by itself doesn’t occupy 
any address range of the device and write to the Command 
register is enabled only when Vpp is at 12V level. 


A detailed description of the various operating modes can 
be found in NM28F010 data sheets. 


Figure 3 depicts a typical wiring diagram of control signals 
for,a system using National's NM28F010 FLASH Memory 
with a block level specifications of the inter functional 
units discussed earlier. 


Description: Interface to NM28F010 Flash memory is very 
much similar to that of conventional 27C010 EPROM except 
that the system’s memory write enable MWRITE is also 
considered. 

The DECODE and MEMORY CONTROL logic could be a 
simple combinatorial PAL®, like 16L8, which takes in the 
higher order address lines, memory read and memory write 
control signals as input and generates Flash memory chip 
select (CS), output enable (OE) and write enable (WE). 


2. NM28F040/NM28F044 


NM28F040 and NM28F044 are 4,194,304 bit (512 x 8) 
CMOS Flash devices featuring single command for Read, 


_ Auto Chip erase, Auto Block erase and Auto Program/Verify 


allowing ease of use for in-circuit programming. NM28F040 
is a 32 pin device whereas NM28F044 is a 44 pin device. 


- UNIQUE FEATURES 
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Block Mode Erase: These Flash devices can either be full 
chip erased or in terms of a specific block of 16 kbyte. This 
block mode erase feature allows ease of management of 
code blocks. 


Auto Function: Both these devices feature a unique 
“AUTO-FINISH” facility for commands like Chip erase, 
Block erase and Program/Verify. Once after issuing any of 
the above commands to the device, all that is required is to 
sample the device data lines, D7 for operation completion 
(RDY/BUSY) and D4 for status of completion (FAIL/PASS). 
These devices have the necessary logic built-in inside the 
chip to do all of the iterative routines of the programming 
software. Looping through the same part of the code till 
operation proves to be a success or failure becomes unnec- 
essary and all those iterative functions can now be removed 
from the code, resulting in a compact elegant programming 
algorithm. 


Software Considerations: The following two tables outline 


the various operational modes and the command definition 
to set the various modes. 





Mode Selection Table 
Signals 


Mode 
SESE _stres_|_t__Yen_)_ter_— Power 


Read Read Data 
Address Output O~ iu ve 5 Kale 
i 
READ Output : 
Deselect __ High re 
Impedance 


a Standby 


COMMAND Command 
INPUT ee 
PROGRAM/ERASE 
i Active 
PROGRAM/ERASE os 
STATUS POLLING D7-rdy/busy 
Data 


*HorL 
Note 1: Refer COMMAND DEFINITION TABLE 





Command Definition Table 


First Bus Cycle Second Bus Cycle 


| type | Address | Data | type | Address | Data 
Read | tt | ware [+ | oon | mA | NANA 
Dread | 2 | ware | + [ooh | READ | ox0H/Ox1H__ | Mig/Devib 
AutoByte Progam | 2 | warime | + | 10H | WRITE | ByteAddress | WR Data 
AutoChipéreso | 2 | swale | + | g0H_| ware | tH 
AutoBlockErase | 2 | write | + | 20H_| WRITE | BlockAddress | DOH 
Reset | 2 | ware || PH | wre | os RH 


Operating Modes: Both NM28F044 and NM28F040 fea- Two of the data lines, D7 and D4, signify the operation com- 
ture same modes of operation, viz., Read, ID Read, Reset, pletion and status of completion respectively. Once after 
Auto Byte Program, Auto Chip Erase and Auto Block Erase. issuing any of the Auto Byte Program, Auto Chip Erase and 


The Read, ID Read and Reset modes of operation of these Auto Block Erase commands to the device, all that is re- 
two devices are the same as that of NM28F010, however quired is. to do a read on the device after a specified time 


the Program and Erase modes are significantly different (depending on the command issued). A High (High logic lev- 
from NM28F010. el) on the data line D7 signifies that the operation for the 


issued command was completed. The data line stays at Low 
(Low logic-level) if the operation is not completed yet. Simi- 
larly, when D7 has become high, a Low (Low logic level) on 
HARDWARE CONSIDERATIONS ~ the D4 line signifies success of the operation and a High 
1. NM28F044 (High logic level) signifies failure. 


Designing around NM28F044 is very much similar to 
NM28F010.which we discussed earlier, but with the follow- 
ing difference: . 


Function 


A more detailed description of the various operating modes 
can be found in the relevant device data sheets. 
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2. NM28F040 


ADDRES? LINES 


FROM 
1/0 PORT 


FROM 
CPU 
CONTROL 


DELAY 


MWRITE UN IT 


TO 
FLASH 
DECODER > DEVICE 
& 
FLASH 
CONTROL 


LOGIC 


PASS/FAIL 


> RDY/BUSY 
TL/D/11952-4 


(*“WR_SEL” signa! could be same as “EN__Vpp” signal) 
FIGURE 4 


NM28F040 Flash device is different from NM28F044 Flash 
device in sense that it doesn’t have a “WE” signal. The 
“CS” signal in this device acts as a multiplexed pin for both 
chip select (in the case of a read from the device) and write 
enable (in the case of a write to the device). Write mode is 
differentiated from the READ mode by the following condi- 
tions: 


cs 
L 


Operation on the Device 
READ 
H _ WRITE 


* ~» CS pulsing when OE is held high 


OE 
L 


But “CS” signal continues to behave like a chip select sig- 
nal (read mode) as long as Vpp voltage remains below Vcc, 
no matter whatever operation (READ or WRITE) is done on 
the device. Figure 4 shows one possible way of interfacing 
NM28F040 Flash device in a system. 

“CS” Generation: The potential problem of chip select (CS) 
signal glitching and thus leading to the possibilities of cor- 
rupting any valid data in the Flash device can be easily sur- 


gated together would have the output chip select signal 
glitching for a period equal to the above mentioned Tsb + 


‘Td. But by using a delayed (by an amount Tsb + Td) mem- 


ory READ/WRITE signal for final gating, chances for glitch- 
es in the chip select signal is eliminated. 


“WE_SEL” Signal: The “WE_SEL” signal shown in Fig- 
ure 4 is a signal from one of the available general purpose 
1/O ports. This signal in most cases is the same as the 
“EN__Vpp” signal which was discussed earlier. 

Prior to doing any write operation on the Flash device, the 
Vpp circuitry must be turned on so that Vpp voltage at the 
Vpp pin is 12V. “EN_Vpp” is a signal generated for this 
purpose. The same signal can be used in the CS generation 


- logic to gate the decoded address signal with either of the 


mounted with simple logic. Data corruption chances are - 


possible in NS28F040 Flash device only when 12V power is 
enabled to the Vpp ‘pin of the device and then there is an 
extraneous cycle happening on the bus (bus cycle to a de- 
vice other than the Flash device). 


Memory decode designs in general incorporate a mecha- 
nism of gating the decoded signal (from the address bus) 
with Memory control signals (MREAD and MWRITE) to gen- 
erate a valid chip select to the memory. Glitches become 
apparent when the total time for the address bus to get 
stabilized to valid logic levels (say, Tsb) and the time to 
decode the address lines (say, Td) is longer than the 
Memory control signal (MREAD or MWRITE) driven val- 
Id delay (say, Tv). 


In systems where both the Address lines and the memory 
contro! signals are driven simultaneously this ‘‘glitching” 
scenario is inherent and one common way of eliminating the 
glitches in the output (chip select) signal is to delay the 
memory control signa! by an amount greater than Tsb + Td 
and using this delayed signal for gating purpose. Simple DE- 
LAY LINE devices can be used to delay the control signals, 
as shown in Figure 4. 


Processors like 180486, output Address, Memory contro! 
(M/IO) and Read Write (PW/R) control signals all at the 
same instant whenever an external cycle is started on the 
system bus. In this scenario, generating the chip select sig- 
nal from address and M/IO and PW/R control signals all 
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memory control signals (MREAD and MWRITE) which ever 
becomes valid during a particular Flash device access. The 
need for having to do this is due to the multiplexed nate of 
the chip select pin of the Flash device. 


‘The following representative schematic (Figure 5) volute 


the above discussion. 


ADDRESS DECODED SIGNAL 


WE_SEL 
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Common Considerations: In all the three Flash devices 
discussed so far, it is essential that proper command codes 
are entered in proper sequence. Inputting any command 
code other than those described could render an improper 
device functionality. Also accidental removal of Vpp supply 
during any Erase or Program operation in progress should 
be taken care of, for in some cases the valid data in the 
device could get corrupted. It’s also essential to employ a 
POWER ON/OFF sequence as described earlier to safe- 
guard the valid data against any corruption possibilities dur- 
ing power cycling. 





3.0 NAND DEVICE. 
NM29N16 (2M x 8-Bit) 


GENERAL DESCRIPTION 


National’s NM29N16 is 16.5 Mbit NAND Electrically Eras- 
able and Programmable device. NM29N16 is a 5V only de- 
vice, which does not require 12V for any of the Program- 
ming or Erase operations. , 


Organization: NM29N16 is organized as (256 + 8) bytes x 
16 Pages x 512 Blocks. Programming is done in terms of a 
Page (264 Bytes each) while Erasing is done in terms of a 
Block or multiples of Blocks (16 Pages each). Figure 6 de- 
picts a conceptual organization of the Device. 


NM29N16 is a byte_wide serial type of device in which the 
Address and Data are time multiplexed on the same !{/O 
pins as there are no separate Address pins. Address in input 
as three bytes of Data during Address input cycles. The 
Program and Erase operations are handled automatically by 
the device, resulting in minimal Processor intervention and 
elegant programming code. 


Additionally, the device aids in mapping out bad memory 
locations by providing an extra 8 bytes of redundant memo- 
ry for every page in the device. This feature makes 
NM29N16 Flash device as an ideal candidate for SOLID 
STATE FILE STORAGE applications. Alternatively, this re- 
dundant 8 byte space per page can be used for normal 
storage resulting in extra capacity (16.5 Mbits instead of 16 
Mbits). 

Applications: NM29N16 is ideally suited for applications 
like, 

1. Solid State File Storage 

2. Voice Recording 

3. Image File Storage, etc. 


NM29N16 type of a device is the most sought after in Solid 
State File Storage where large data is stored and retrieved 
at a single access (Normally in terms of some specified 
Blocks Size). With the advent of PCMCIA based systems, 
Solid State Data Storage has become an intelligent form of 
Data storage and NM29N16 with its unique features is the 
ideal candidate for PCMCIA based Solid State Disk. 


PAGE #1 
PAGE #2 
PAGE #3 


16 PAGES 
PER BLOCK 


PAGE #13 


ee ee ee ee ee ee eee eee KK 


(256 + &) 
Bytes 


Device Specific Detalls: NM29N16 has the following con- 
trol signals, whose combination, as depicted in the following 
truth table, signify the various operations that can be per- 
formed on the device. The control signals are CLE (com- 
mand latch enable), ALE (address latch enable), CE (chip 
enable), WE (write enable), RE (read enable) and WP (write 
protect). 


T Table 
Pf tee | ave | ce] we | Re | We | 
[Commandinput | H | & || wn | x | 
Dataimput =| | ee | ef [| x | 
| wlul x 

PAL i 
L 
During Programming 
(BUSY) 
Px | 
Program/Erase Inhibit 


H: Vin Le Vy X: Vir or Vin ; 

Operating Modes: The device supports the following 
modes of operation, viz, Read Mode-1, Read Mode-2, 
Status Read, 1D Read, Auto Page Program, Auto Block 
Erase, Auto Multi-Block Erase, Suspend/Resume and Re- 
set. 


The device is set into any of the above modes by writing an 
appropriate opcode into the device Command Register. 
Then if needed the Address and Data registers are updated. 
Thus programming the device for any mode of operation 
involves anything from one step to four step process, de- 
pending on the mode. Various Command codes (opcodes) 
needed for those above mentioned modes are listed in the 
Command Table. 


ruth 
CLE 
L 
Address Output Pou | 


H 


H 





OGRAMMING SIZE: 1 PAGE (264 BYTES 


—— BLOCK #512 
4 


, , 
~— BLOCK #3 
~— BLOCK #2 

~—~— BLOCK #1 
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Command Table 


Modes of Operation 
| ReadModet | oo | 
| ReadMode2 | 50 | 
| Rost | | 
J AutoProgram = | os | St 
| AutoBlockErase = | 60s | =D 
J AutoMultiBlockErase | 60” | Do 

= a ae 
2 
a a 

Register Read ee ae 
Head a oes ee 


Note: Second cycle shown above for the Program/Erase operations is a 
confirmatory cycle. The actual execution begins only after this command 
write. This feature is to safeguard against any inadvertent erasures, espe- 
cially during Power Up. - : 


Erase Suspend 


“Erase Resume 
Status Read 


*For Multi-Block erase operations, Command code (60) is repeated for every 
block to be erased. Typical sequence for a three block erasure would be, 
<OPCODE “‘60"> <Add of Block#1> <OPCODE.“60"> <Add of Block 
#2> <OPCODE “'60”> <Add of Block#3> <OPCODE “DO”>. 
DESCRIPTION OF OPERATIONS: There are basically two 
types of operations performed on the device, viz., READ 
and WRITE. . 


READ Type Operations: Read mode-1,. Read mode-2, 
Status read, Register read and ID read are the operations 


DECODER 
RD, WR, ns 
MEM, 1/0 3 
SYSTEM 
BUS a 


, - 
i. 


SYSTEM 
PROCESSOR 


FIGURE 7 
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which conform to Read type. For all these modes the appro- 
priate command code is first written into the device Com- 
mand register (first cycle). Then depending on the mode 
issued, address information is written into the Address reg- 
ister, which is essentially three write cycles following the 
Command input cycle. Then after a specified delay data is 
read off the Data register through a typical read cycle. Ad- 
dress information is not input for a Status Read operation. 
All these Registers, viz., Command, Data, Address and 
Status, do not occupy any of the device’s memory location. 
They are indeed selected by the combination of logic levels 
of the control signals ALE and CLE. Note also that the Com- 
mand Register cannot be read back for the contents. _ 

The starting address is composed of 3 bytes, which are en- 
tered right after the command input in three successive 
write cycles. The format of the address is input as shown 
below: _ in 


| _ Jvo1| 702] 1703] 1704] 1708] 106| 1707| 1708 
First Address “| ay | a1 | az} as | a4] as | Ae | AZ 
Cycle ; . 
Cycle 

Third Address | aig} aiz| aia} a19| A20]-L | uo | ot 
Cycle 


Note: I/O bits 6, 7 and 8 should be set to low level during the third address 
cycle. es ag a 
A12 to A20 form the Block address (selects one out of 512 Blocks). 


A11 to A8 form the Page address (selects one out of 16 pages) within a 
selected Block. “ : 


AO to A7 form the column address (selects the starting address of the data 
transfer within a page). ye 


NM29N16 


=z _ we 
WE TO AN I/P PORT 
aa OR INTERRUPT 
CS . CONTROL -. 
CLE 


1/0 PORT WP 


DATA 
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WRITE Type Operations: Operations like Program, Erase, 
Erase suspend, and Reset conform to Write type of com- 
mand. Setting the device for these operating modes is simi- 
lar to earlier described READ type operations. In these 
modes the device is updated with some new information. 


A more detailed description of the various operating modes 
are found in the Device data sheets. Refer to the table given 
at the end of this note. ; 


Hardware Interface: The Figure 7 shows one of the meth- 
ods of interfacing NM28N16 Flash device in a system. A 
generic Processor (Micro-controller) is assumed in this dis- 
cussion. The external interface attributes (Bus Control Inter- 
face) of this generic processor is commonly found in almost 
all of the available Processors. 


Types of Cycles: The cycle types that are typically per- 
formed on NM29N16 Flash device fall into three categories, 
viz., Command, Address and Data cycles. The following ta- 
ble explains the control signal configuration during these 
three cycles. 





The Input/Output cycles (in Address and Data cycles) are 
differentiated by WE and RE pulsing respectively with other 
being stable. In general all these three cycles happen either 
RE or WE pulsing during a stable window of the other con- 
trol signals as shown in the above table. 


1/O Port: Having an I/O Port type of interface is necessitat- 
ed by the fact that the NM29N16 Flash Device control sig- 
nals are not of the same type which are normally found in 
common Flash Devices. NM29N16 device is meant for large 
data storage applications (Memory cards, Solid state disk, 
etc.) where the device form factor is also crucial. In view of 
this, the device features an optimized Pinout, resulting in a 
compact device and yet with a much larger capacity. The 
control signals of this NM29N16 Flash device is not directly 
compatible to existing Micro-controller interface control. An 
1/O Port type of interface between this Flash device and any 
common Micro-controller normally considered for this type 
of an application, simplifies the interfacing task without any 
complex logic. 


The I/O Port shown in the above diagram is any general 
purpose I/O port, normally found in a system. One such I/O 
port is availed to establish the key interface to the 
NM29N16 Flash device. Three control signals, viz., “CS”, 
“CLE” and “ALE” are driven by this I/O port as shown. 
Before doing an actual NM29N16 access, the system CPU 
initially writes to this 1/O Port with the needed signal config- 
uration for the type of the cycle (Command, Address or 
Data). Then a normal Read or Write cycle to the Flash de- 
vice memory space would do an actual Read or Write cycle 
on the device. 


Decoder: The decoder unit generates the Read/Write con- 
trol signals for the Flash device. System address, memory 
control signals form the input to this unit. This unit could be 
a combination of discrete devices like 'LS139 or just a com- 
binatorial PAL like 16L8 device. 


Power Monitor: This unit basically monitors the Vcc power 
point for the required operating level. Whenever the system 
Vcc falls out of the +5% tolerance range, this unit gener- 
ates the system Reset as well as the write protect signal 
(WP). This unit takes care of the POWERON condition also 
by keeping the system Reset and WP asserted till the sys- 
tem Vcc reaches the proper required level and thus protect- 
ing the data against corruption. Power monitor unit is avail- 
able from numerous vendors in the form of a single device. 
Orie typical example of such a device would be Dallas Semi- 
conductor component DS1231. 


Ready/Busy Signal: This status output signal can be rout- 
ed to an Input Port, which the CPU can keep polling for the 
status of operation completion or alternatively to the sys- 
tem’s Interrupt contro! so as to generate an interrupt upon 
operation completion. 


4.0 ICP (IN-CIRCUIT PROGRAMMING) 


In-circuit programming (ICP) as opposed to device level pro- 
gramming is an efficient method of programming the most 
widely used programmable devices like, PROM, EPROM, 
PAL, PLD, Micro-controllers, FPGA, FLASH memory, etc. 
ICP is a means of programming these devices after they 
have been assembled into their target boards. There are 
broadly two categories of In-circuit programming, one being 
Production oriented and the other being End user oriented. 


ICP Benefits: Obvious advantages of ICP over the tradition- 
al device-level programming are streamlined manufacturing 
flow, simplified handling, lesser inventory overheads and re- 
duced production costs. ICP has become a preferred meth- 
od of programming the device with the gaining usage of 
surface-mount devices (SMDs) and the Just-in-time produc- 
tion methods. 


ICP Configurations: Different configurations are available 


’ today to achieve the programming of these devices in their 
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target enclosure. 


1. Standalone In-circuit Programmers: This is the Production 
oriented type of configuration and in this, the target (device 
assembled) board(s) get plugged on to slots assigned for 
programming purpose in the Standalone In-circuit Program- 
mer, much like individual devices (ICs) getting plugged into 
the IC sockets of a Device Programmer. Then the relevant 
programming algorithm, resident in the In-circuit Program- 
mer, is executed by the In-circuit Programmer to program 
the device with the proper data. A typical example of this 
kind of programmer would be DATA I/O's BoardSite. In this 
case the target boards usually have additional circuitry to 
isolate the programmable device(s) from the onboard’s log- 
ic which is essential during the device programming. The 
level of complexity of this additional logic varies depending 
on the type of the device and the number of such devices. 


This kind of configuration is well suited for production site 
programming where assembled boards are directly pro- 
grammed for the devices present instead of programming 
the individual devices and house keeping them before as- 
sembly into a particular board. 


2. Programming via serial link: \n this configuration the tar- 
get board has a serial link interface for the purpose of pro- 
gramming (or reprogramming) the device(s) on board. This 
target board is hooked to a conventional Device program- 
mer via the serial interface, in which case the Device Pro- 
grammer does the programming job as it would program an 
individual device. 
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Compared to the earlier discussed Production type ICP, this 
falls into End-user type of ICP, and this method eases the 
task of any code update at customer site without having to 
disassemble the target board from the system. But then a 
device programmer is required to be carried to we customer 


"site to do any re-programming. ° 


3. /n-System Programming: \n this configuration, typically a 
remote host downloads the software to be updated onto the 
target system through, say, a serial link. Then the target 
system executes the resident programming algorithm to 
program the mounted device. Instead of a serial link, a flop- 
py diskette containing the updated code could be download- 
ed into the target system for programming purposes. 

This approach of In-circuit Programming is preferred where 
frequent code change is involved, especially in customer 
field locations, where dismantling the whole system for de- 


4-142 


vice replacement purposes is not.welcomed and it-is not 
required to carry any device programmer to me customer 
site. 


Flash Memory: An 'In-circuit Programmable device of partic- 
ular concern here is a FLASH device which as byfar come in 
as a drop in replacement for the conventional EPROMs. 
Apart from delivering the “functional compatibilities”, they 
feature a significant advantage over EPROMs in terms of 
Re-programming conveniences whenever a code__update 
is necessitated. Unlike EPROMs which have to be removed 
from the target board, Ultra-Violet erased, programmed with 
the new code and then plugged back into the target board, 
the FLASH devices are erased instantly and re-programmed 
with the new code all performed when the device is in the 
target board only, thus bringing all the benefits of ICP. 





NAND FLASH Operation 


INTRODUCTION 


The NM29N16 is a 16Mb FLASH memory that utilizes the 
NAND architecture. The device incorporates a number of 
features that make it suitable for numerous portable applica- 
tions that need large amounts of data storage but can not 
use a disk drive due to power or weight considerations. 
While making such systems possible, the NM29N16 also 


offers greater performance over disk drives in the area of 


data transfer time, program time, and endurance. 


The following sections give a general overview of the 
NM29N16 and describe how it operates. The operation of 
the three basic functions: read, write and program, is gone 
over in detail followed by the physics behind the device op- 
eration. 


GENERAL DESCRIPTION | 


The NM29N16 is a unique memory device that does not 
operate like normal EPROM or SRAM memory devices. All 
data that is read and written to the device is done in pages, 
which contain 264 bytes. Data is transferred from/to an on- 
chip buffer that stores the page. When the data is read out, 
it is read out sequentially, byte after byte, in order. This data 
transfer method allows the NM29N16 to not have any ad- 
dress pins which simplifies both board layout and the sys- 
tem interface. The device is easily interfaced to high end 
microprocessors and low end microcontrollers. 

The NM29N16 is organized as 8192 pages of data with 
each page consisting of 264 bytes. Figure 7 gives a three- 
dimensional view of how the device is organized. Each page 
allows for 256 bytes of data storage plus an additional 8 
bytes that may be used for error correction or redundancy. 


Vo 1 


256 18 


pages 
512 blocks 


zi TL/D/11953-1 
FIGURE 1. NM29N16 Conceptual Layout 


There are 16 pages to a block (612 blocks in a device). The 
block is the smallest unit which can be erased (4 kbytes). 


Each block within the array consists of a chain of 16 NAND 
cells connected in series. Figure 2 shows a typical cell. 


National Semiconductor 
Application Note 922 
Rob Frizzell 


Bit Line 


Select Line 1 


Select Line 2 


. TL/D/11953-2 
FIGURE 2. NAND Cell Architecture 


‘A block makes up the collection of 16 pages times the 264 
bytes per page. ate 

The NM29N 16 is not read and written to like normal memo- 
ry devices. There are no address or data pins for the NAND 
device as can be seen in Table |. There are only I/O pins, 


TABLE |: Pinout of NM29N16__ 


| RE | Readenable 
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R/8 a \ / ce 


FIGURE 3. General Timing Sequence 


similar to peripheral ICs used in PC’s before the advent of 
chip sets. Like the peripheral ICs, commands are sent to the 
NAND device to initialize it for the desired operation, be it a 
read, erase, or program. Address information follows the 
command to tell the device on which page or block the op- 
eration should take place. Figure 3 shows the basic timing 
sequence of most operations. 


In the following sections each of the main operations and 
their command sequence will be discussed. 

READ 

The NM29N16 offers a number of different Read modes. 


These enhance the ease with which the device may fit into | 


numerous designs. Table. II lists the different Read modes 
for the NM29N16 along with the other command modes. 
These will now be explained in detail. 

The default mode of the NM29N16 is Read Mode 1. This 
mode uses the command OOH. A Read is initiated by writing 
the 00H command to the device followed by an address. 
The address tells the device what page to pull from the 


array and at what point within the page to set the pointer. - 


On the rising edge of WE, the page will be pulled out of the 
array and into an on-chip buffer. During this time the R/B pin 
goes low. This allows the system to do other operations 
while polling the R/B pin to return high. The time to pull the 
page from the array into the buffer is typically.25 ws. Once 
the page is stored in the buffer it can be read out sequential- 
ly. Sending consecutive RE pulses will read out sequential 
bytes of data starting at the byte set by the address input- 
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ted. For example, sending in address 05H-5FH-1FH would 
result in reading block 501 (1F5H), page 16(FH) starting at 
byte 6(05H) of 264 bytes. Figure 4 graphically shows this 
example. 


TABLE II. NM29N16 Command Modes 


Second Acceptable 
Cycle Command 
y during Busy 


[SerialDatainput | eo | | 
Read Mode (1) aa ae ea 
peervewom fo | | 

a oo a 

jAutoProgram | 10 | | 


AutoBlockErase | 60 | po | 
Auto MultiBlockErase|60..60{ po | —_—i| 
SuspendinErasing | Bo | | Yes _| 


Resume i eee ee 
StatusRead | 70 | | Yes 
RegistorRead | co | | 
ID Read cm ees ere 





ge oe ee 
vo —e—}{ HH CHCHOH HC: 


a 
Start address input M 


Select 
Page —> 
N 


263 


Cell, 
c + Array 
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FIGURE 4. Read Mode 1 Operation 





The NM29N16 has a wraparound when the end of a page is 
met by a RE pulse. After reading out byte 263 and sending 
in another RE pulse, the device will pull the next consecu- 
tive page out of the array. Again, R/B will go low for approxi- 
mately 25 ps until the next page is.in the on-chip buffer. In 
this manner the entire device can be read out, page after 
page. Figure 5 depicts this wraparound feature. 


AP 


’ Sequential Read (1) 
: TL/D/11953-5 


FIGURE 5. Read Mode 1 Wraparound. 


Upon reaching the final byte in the final page, additional RE 
pulses will only read out the last byte over and over. In other 
words, the device will not wrap around to the first page of 
the array. . 

The NM29N16 provides eight additional bytes at the end of 
each page to be used for various functions. A special com- 
mand, 50H, is used to read out only these last eight bytes 


The wraparound feature also works with the 50H command: 
However, instead of reading out all of the following pages, 
only the redundant eight bytes are read. Figure 6 shows this 


action. - 
os 
? 


Sequential Read (2) 
TL/D/11953-6 


FIGURE 6. Read Mode 2 Wraparound | 


A method of checking the status of the NM29N16 is provid- 
ed via the 70H command. This command provides automat- 
ic program and erase verification. No software is needed to 
check each of the bytes individually to see if they have been 
programmed or erased properly. The 70H command offers 
the end user the ability to check if the program or erase 
operation was carried out successfully. This is accom- 
plished after the R/B pin has returned high during a pro- 
gram/erase operation. By issuing the 70H command follow- 
ing R/B going high, the status of the device will be output- 


. . ted on !1/01-8. Figure 7 shows this operation for a page 


from the page. This is achieved by writing the 50H com- | 


mand to the device followed by the three part address. The 
first byte determines the pointer location but in this case 


only the first three bits (1/01-3) are recognized. The re- | 


maining bits (1/O4—8) are ignored. Again, the device will go 
through a 25 ys delay before the data can be read out with 
strobes of RE. 


program operation. 


REGISTER READ 
COMMAND 


THE VERIFICATION RESULT IS OUTPUT BY BIT UNIT 


PASS: '0' ) 
FAIL: ‘1’ 
TL/D/11953-7 


FIGURE 7. Auto Page Program Verity 


4-145 





ec6-NV 


AN-922 


If 1/0.1 is a “O”, the operation was successful. If a ‘‘1” is 
outputted on 1/01, then the program or erase failed. If an 
erase failed, then the block that was erased should be 
mapped by the system as bad and should not be used 
again. If a page program fails, then the data should be writ- 
ten to another block and again the block should be mapped 
as bad by the system. 


The Register Read command, EOH, allows the system to 
determine which bits did not program successfully. The EOH 
command is only used after a failed program attempt. This 
is done by writing the EOH command followed by consecu- 
tive RE pulses. A “0” outputted on 1/01 means the bit was 
programmed successfully while a “1” means the pro- 
grammed bit failed. This information can be used for error 
correction to increase the accuracy of the data stored. 


The final Read mode is the ID Read. Like all FLASH prod- 
ucts, the NM29N16 offers a way to identify the manufacturer 
of the device and the type of device. This is accomplished 
by issuing the 90H command followed by the OOH address. 
This is a single address input, not a three part input like the 
other commands. Issuing two RE pulses will output the 
manufacture code (8FH for National Semiconductor) fol- 
lowed by the device code (64H for the 16 Mb NAND). Figure 
& shows the timing sequence. Applications such as 
PCMCIA. cards will use this data to identify the card and 
determine which driver to use for the interface. 


PROGRAM 


The NM29N16 implements an automatic programming algo- 
rithm which greatly simplifies the system software. The soft- 
ware for programming the device consists of writing three 
commands and the data. Programming must be done from 
the lowest page in the block to the highest. For example, 
page 16(1FH) in block 1 must be programmed before page 
15(1EH) in block 1. 


The program mode begins by issuing the 80H command to 
the device. This is followed by the three part address of the 
page and block. The data is then input sequentially starting 
with the lowest byte. The Program command, 10H, is then 
input to start the program operation. The R/B line will go 
low to signal the commencement of the programming as 
shown in Figure 9. Program time is typically around 300 ps. 


Upon R/B going high a Status Read command, 70H, can be 
written to the device. This allows the system to verify if the 
program was a success or not. A “0” on [/O1 reports a 
successful program and a “1” on |I/O1 means a failed pro- 
gram attempt. If the program does fail, the block should be 
mapped out as a bad block and not written to anymore. 
Also, the data that was in the on-chip buffer will be lost and 
will have to be rewritten into the buffer before programming 
it into a different block. Figure 10 shows this sequence of 
commands. 


ID Read Command Address 


‘90° 


Maker Code 


Device Code 
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FIGURE 8. ID Read Timing Sequence 


Address 
. Input 


Program 
Command 


Data Input 
0-263 


Data Input 
Command 


Status Read 
Command 


R/B R/B turns to Ready after completion 
, automatically. 
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FIGURE 9. Auto Page Program Sequence 


CD areas, SD 


Address Data 
M Input 


Address Data 
N Input 
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FIGURE 10. Program Fail Sequence 
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Auto Block Erase 


Block Address 
Input: 2 cycle 


Erase Execution 
Command 


Status Read 
Command 
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FIGURE 11. Auto Block Erase Command Sequence 


Co —C 
_ Block Address 
Input Input {nput 


—) aw) HY 
Block Address Block Address Block Address Fail 


Input 


' fy 
Erase Busy Status Read 
Command Command 


TL/D/11953-12 


FIGURE 12. Auto Multi-Block Erase Command Sequence 


The NM29N16 allows data to be written to a page when 
there is less than 264 bytes. Up to 10 sections of the same 
page may be written to at different times. For example, the 
system may write 25 bytes to the first part of the page, call 
them DO-D24. The rest of the page of filled with “1” (FFH) 
and then programmed. A second 25 bytes can then be 
stored at D24—D49. Again the rest of the page is filled with 
“1” along with DO-D24. In this manner, the data that was 
previously programmed into DO-D24 is masked out from 
being reprogrammed. The benefit to the system designer is 
the ability to be able to store small amounts of data in a 
page and not to waste memory space. 


Finally, the NM29N16 allows page to page transfers. How- 
ever, when this is done the data that is reprogrammed into 
the new page is inverted (“0 — “1” and “1” — “0”). 


ERASE 


The NM29N16 has two modes for block erasure. These are 
Auto Block Erase and Auto Multi-Block Erase. Two different 
commands are used in the erase procedure to prevent acci- 
dental erasure. These are 60H to set up the Auto Block 
Erase and DOH to execute the Erase command. The 
NM29N16 provides one of the smallest erase block sizes in 
the industry at 4 kbytes. 


The Auto Block Erase, like the Program command, uses an 
algorithm to handle the entire erase procedure. This helps 
minimize the work load on the processor. The command 
sequence for a single block erase is shown in Figure 77. 


It starts by writing the 60H command to the device followed 
by the two cycle address, which represents the block to be 
erased. The Erase Execution (DOH) command is then writ- 
ten to confirm the erasure. The R/B signal line will drop low 
for approximately 6 ms while the erase operation is in prog- 
ress. When the R/B line returns high, the status of the era- 
sure can be checked by issuing the Status Read (70H) com- 
mand. If the erasure fails (I1/O1 outputs ‘1”) then the block 
should be marked as bad and no further operations should 
take place on this block. 


The Auto Multi-Block Erase operation allows the system to 
mark multiple random blocks to be erased. A similar se- 
quence as the single block erasure is followed as seen in 
Figure 12. 


After the first address is inputted, it is followed by another 
60H command and a second two cycle block address. This 
process can be repeated to mark as many blocks for era- 
sure as is desired. When all the blocks have been marked 
the DOH command is finally inputted and the erasure com- 
mences (R/B goes low). The total erase time will be 6 ms 
plus 15 ps times the number of blocks that have been 
marked for erasure. 


PHYSICS OF OPERATION 


The. NM29N16 utilizes a different architecture and program- 
ming method than the traditional NOR FLASH devices. The 
main difference in the programming method is the use of 
Fowler-Nordhiem tunneling for both programming and era- 
sure of the cells. The physical operation behind reading, 
writing and erasing the NAND device at the cell level is 
explained in the following sections. 

First an explanation of how Fowler-Nordhiem (F-N) tunnel- 
ing operates is necessary. Figure 13 shows a typical cross- 
section of a single NAND FLASH cell. 
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FIGURE 13. NAND Cell Program/Erase 
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During program operation the substrate is grounded while 
the control gate is raised to Vpp (Vpp is approximately 20V). 
This pulls charges from the substrate, tunneling through the 
oxide to the floating gate where the charge is stored. During 
erasure the reverse operation is performed with the sub- 
strate at Vpp and the contro! gate grounded. This allows 
charge to tunnel through the oxide back into the substrate. 


In contrast to NAND FLASH operation, NOR FLASH uses 


Hot-Electron Injection (HEI) for programming. In HEI, Vpp is 
applied to both the drain and the control gate while the 
source is grounded. In this case the charge is injected 
through the oxide and then collected by the floating gate as 
shown in Figure 14. 


ieeeuanes 
-. [Ss] 
[98 Sle 6; [2 Ba) 


BOS 
a TL/D/11953-14 
FIGURE 14. NOR FLASH Cell Program/Erase 
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FIGURE 15. NAND FLASH Read Operation 
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In this case, Vpp is typically on the order of 12V. The main 
disadvantage that HEI has versus F-N tunneling is that it 
requires more current to inject the electrons into the floating 
gate. Therefore it is easier to build NAND FLASH devices 
that use less power and a single power supply. 


The read operation of the NAND cell is displayed in Figure 
75. The first part of the read operation involves biasing of 
the page lines that are not selected along with select line 1 
and 2. This way the 16 NAND cells are connected to ground 
and the bit line. The selected page line is biased at OV. If the 
floating gate transistor cell is programmed ‘1”, current is 
allowed to flow from the pre-charged bit line to ground. A 
cell that is programmed “0” does not allow current to flow 
and the bit line stays charged at the same level (thus the 
NAND name). Sense amps at the end of the bit line sense 
the voltage difference and reading out the data into the on- 
chip buffer. 


The erase operation of the NAND cell is exhibited in Figure 
76. In the erase operation an entire 4 kbyte block is 


Bit Line - Open 


Select Line 1 


Select Line 2 
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FIGURE 16. NAND FLASH Erase Operation — 





erased at once. As shown in the diagram, all page select 
lines are set low while the substrate is set at Vpp. The bit 
line is left open and floats. Electrons tunnel from the floating 
gate to the substrate thus erasing the cells. An algorithm 
monitors that all cells in the block are adequately erased. 


The NAND FLASH program operation also uses an algo- 
rithm to monitor the procedure. Figure 17 shows the opera- 
tion. First, select line 1 is turned on connecting the 16 
NAND cells to the bit line while select line 2 is set low dis- 
connecting the line from ground. Next, a high voltage (ap- 
proximately 10V) is applied to all the page lines of the block 
except the page line that is to be programmed. The page 
line that is to be programmed is set at Vpp (approximately 
20V). If data is to be programmed into the cell, the bit line is 
set low. This causes a differential of approximately 20V be- 
tween the control gate and the substrate, allowing for tun- 
neling into the floating gate. If the cell is not to be pro- 
grammed, the bit line is set at approximately 10V. This caus- 
es the differential between the control gate and channel to 
be only 10V which is not enough to cause tunneling. Again 
the automatic program algorithm monitors the process for 
complete programming of the cells. 


POTENTIAL APPLICATIONS 


It should be clear from the above description of the 
NM29N16 that the device is very flexible in the manner in 
which it may be used. This makes it an ideal device for 
numerous applications that require large amounts of bulk 
data storage or secondary memory storage. Systems that 
need to store audio, visual or data files, and need to be 
portable are prime candidates to use NAND FLASH. 
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FIGURE 17. NAND FLASH Program Operation 
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AUDIO AMPLIFIER 
LM4861 Boomer 14 Watt Audio Power Amplifier with Shutdown Mode 





AV rational Semiconductor 


LM4se1 


Boomer ® Audio Power Amplifier Series 


44W Audio Power Amplifier with Shutdown Mode 


General Description 


The LM4861 is a bridge-connected audio power amplifier 
capable of delivering 500 mW of continuous average power 
to an 82 load with less than 1% (THD+N) over the audio 
spectrum using a 5V power supply. 


Boomer audio power amplifiers were designed specifically 
to provide high quality output power with a minimal amount 
of -external components using surface mount packaging. 
Since the LM4861 does not require output coupling capaci- 

‘ tors, bootstrap capacitors, or snubber networks, it is opti- 
mally suited for low-power portable systems. 


The LM4861 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. 


The unity-gain stable LM4861 can be configured by external 
gain-setting resistors for differential gains of 1 to 10 without 
the use of external compensation components. 


Typical Application 


Key Specifications 

m@ THD+N at 500 mW continuous average 
output power into 82. ; 

m Instantaneous peak output power 

mg Shutdown current 


1% (max) 
>1W 
0.6 pA (typ) 


Features 


m No output coupling capacitors, bootstrap capacitors, or 


snubber circuits are necessary 
m@ Small Outline (SO) packaging 
= Compatible with PC power supplies 
m@ Thermal shutdown protection circuitry 
m Unity-gain stable 
gw External Gain Configuration Capability 


- Applications 


m Personal computers 

g Portable consumer products 
@ Cellular phones 

m@ Self-powered speakers 

m@ Toys and games 


Connection Diagram 


Small Outllne Package 


ay, 
SHUTDOWN 4 1 Vo2 


BYPASS GND 


2 
+IN 3 Yop 
4 


IN Yo! 


TL/H/11986-2 
Top View 


Order Number LM4861M 
See NS Package 
Number M08A 


TL/H/11986-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 





LOSPINT 





LM4861 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Soldering Information 
Small Outline Package 


Office/Distributors for availability and specifications. 

Supply Voltage ~~ 6.0V 
Storage Temperature —65°C to + 150°C 
Input Voltage ~0.3V to Vpp + 0.3V 
Power Dissipation (Note 3) Internally limited 
ESD Susceptibility (Note 4) 3000V 
ESD Susceptibility (Note 5) 250V 
Junction Temperature ~ ; 150°C 


Vapor Phase (60 sec.) 215°C 
Infrared (15 sec.) 220°C 


See AN-450 “Surface Mounting and their Effects on Prod- 
uct Reliability” for other methods of soldering surface 
mount devices. , 


Operating Ratings 
Temperature Range 

TIN S$ Ta S Tmax 
Supply Voltage 


—20°C < Ta < +85°C 
2.7V < Vpp < 5.5V 


Electrical Characteristics (Notes 1, 2) a4 | 
‘The following specifications apply for Vpp = 5V, RL = 82 unless otherwise specified. Limits apply for Ta = 25°C. 


Quiescent Power Supply Current Vin = OV, lo = OA (Note 8) , 


LM4861 
Units 


. Typical Limit (Limits) 
(Note 6) | (Note 7) 


| 65 
| Shutdown Current | Vpint = Voo (Notes) | 
| 5.0 
Se 


Conditions 


THD+N = 1% (max);f = 1 kHz 
Po = 500 mWrms; 20 Hz < f < 20 kHz 
Power Supply Rejection Ratio | Vpp=49Vt051V. = =——idTsi 





Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified. 


Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 


Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tax, Oya, and the ambient temperature Ta. The maximum 
allowable power dissipation is Powax = (Tumax — Ta)/@Ja or the number given in the Absolute Maximum Ratings, whichever is lower. For the LM4861, Tymax = 
150°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 170°C/W. 


Note 4: Human body model, 100 pF discharged through a 1.5 kf. resistor. 

Note 5: Machine Model, 220 pF-240 pF discharged through all pins. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to Nationai’s AOQL (Average Outgoing Quality Level). 

Note 8: The quiescent power supply current depends on the offset voltage when a practical load is connected to the amplifier. 

Note 9: Shutdown current has a wide distribution. For power management sensitive designs, contact your local National Semiconductor Sales Office. 





High Gain Application Circuit 


**SHUTDOWN 


TL/H/11986-3 
FIGURE 2. Audio Amplifier with Ayp = 20 : 


Single Ended Application Circuit 


Co 


** SHUTDOWN 


: TL/H/11986-4 
FIGURE 3. Single-Ended Amplifier with Ay = —1 : 


*Cs and Cg size depend on specific application requirements and constraints. Typical vaiues of Cs and Cg are 0.1 pF. 
**Pin 1 should be connected to Vpp to disable the amplifier or to GND to enable the amplifier. This pin should not be left floating. 
***These components create a “dummy” load for pin 8 for stability purposes. 
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External Components Description (Figures 1, 2 


Components Functional Description 


1. Bj Inverting input resistance which sets the closed-loop gain in conjunction with Ry. This resistor also forms a high 
pass filter with C; at f¢ = 1/(27 Rj C)). 


C; Input coupling capacitor which blocks DC voltage at the amplifier’s input terminals. Also creates a highpass filter 
with Rj at fo = 1/(27 Rj C)). 


Ry Feedback resistance which sets closed-loop gain in conjuncticn with Fj. 


4. Cs Supply bypass capacitor which provides power supply filtering. Refer to the Application Information section for 
proper placement and selection of supply bypass capacitor. 


. Cp Bypass pin capacitor which provides half supply filtering. Refer to the Application Information section for 
proper placement and selection of bypass capacitor. 


6. C;* Used when a differential gain of over 10 is desired. Cy in conjunction with Ry creates a low-pass filter which 
bandwidth limits the amplifier and prevents high frequency oscillation bursts. fo = 1/(2 Ry C,) 


*Optional component dependent upon specific design requirements. Refer to the Application Information section for more information. 


Typical Performance Characteristics . 
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Typical Performance Characteristics (Continued) 
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SUPPLY CURRENT (A) 


OUTPUT POWER (Ww) 


0.5 
00°05 #10 1.5 


: Tiina 


Supply Current vs Time 
In Shutdown Mode 


20 2.5 3.0 
TIME (sec) 


Nolse Floor vs Frequency 














100 1k 
FREQUENCY (Hz) 


10k 20k 


Output Power vs 
Load Resistance 


Pee ETS 3] Mao! 98 
f=1 kHz 
LL TTY | drapew 


0.00 
0 5 1015 20 253035 40 45 5055 6065 70 


LOAD RESISTANCE (2) 


QUTPUT POWER (W) SUPPLY CURRENT (mA) 
SUPPLY CURRENT (mA) 


PSRR (dB) 


Supply Current vs 
Supply Voltage 
| | J ty 
Pt A | 
| TA 
| A 


t_| 


CoN 


fd 
an 
ee 
ree ees] 
Sto 
es 
i leatles 
Sr Wale 
a 

“2.0 25 3.0 35 40 45 5.0 55 6.0 

SUPPLY VOLTAGE (V) 


Supply Current Distribution 


vs Temperature 


PET TT TTT p%o = +8v 
LETT TTT TTR 

PCE EE 
a ES 


0 
-40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) 


Output Power vs 
Supply Voltage 


: poms TTT 
LR A | 


eee eer 
Teer men 
SCAT 


“20 25 3.0 35 40 45 5.0 55 6.0 
SUPPLY VOLTAGE (V) 


Power Supply 
Rejection Ratio © 


: STN 
I 
































10 100 tk 10k 100k 


FREQUENCY (Hz) 


POWER DISSIPATION (W) 


POWER DISSIPATION (W) 


GAIN (dB) 





Power Derating Curve 








75 125 
AMBIENT TEMPERATURE (°C) 


Power Dissipation 
vs Output Power 


= 
1.0 SCO Ee 
rT VET TT er eee ty 


LT TT it Pet tt tt | 


0.0 
0.0 0,25 0.50 0.75 1.00 1.25 1.50 1.75 


OUTPUT POWER (¥) 


Open Loop 
Frequency Response 
r 45 


It © 
[ -45 


r -90 


PHASE (°) 





iN “135 











-180 
























































































































































mm 225 


i} 
10 100 tk 10k 100k 1M 10M 


FREQUENCY (Hz) 


TL/H/11986-6 





LOSP1 





LM4861 


Application Information 


BRIDGE CONFIGURATION EXPLANATION 


As shown in Figure 7, the LM4861 has two operational am- 
plifiers internally, allowing for a few different amplifier con- 
figurations. The first amplifier’s gain is externally configura- 
ble, while the second amplifier is internally fixed in a unity- 
gain, inverting configuration. The closed-loop gain of the 
first amplifier is set by selecting the ratio of Ry to Rj while the 
second amplifier’s gain is fixed by the two internal 40 kN 
resistors. Figure 1 shows that the output of amplifier one 
serves as the input to amplifier two which results in both 
amplifiers producing signals identical in magnitude, but out 
of phase 180°. Consequently, the differential gain for the IC 
is: 


Ava = 2 * (R¢/Ri) 


By driving the load differentially through outputs Vo, and 
Voz, an amplifier configuration commonly referred to as 
“bridged mode” is established. Bridged mode operation is 
different from the classical single-ended amplifier configura- 
tion where one side of its load is connected to ground. 


A bridge amplifier design has a few distinct advantages over - 


the single-ended configuration, as it provides differential 
drive to the load, thus doubling output swing for a specified 


supply voltage. Consequently, four times the output power . 


is possible as compared to a single-ended amplifier under 


the same conditions. This increase in attainable output pow- | 


er assumes that the amplifier is not current limited or 
clipped. In order to choose an amplifier’s closed-loop gain 
without causing excessive clipping which will damage high 
frequency transducers used in loudspeaker systems, please 
refer to the Audio Power Amplifier Design section. 


A bridge configuration, such as the one used in Boomer 
Audio Power Amplifiers, also creates a second advantage 
over single-ended amplifiers. Since the differential outputs, 
Voi and Vop, are biased at half-supply, no net DC voltage 
exists across the load. This eliminates the need for an out- 
put coupling capacitor which is required in a single supply, 
single-ended amplifier configuration. Without an output cou- 
pling capacitor in a single supply, single-ended amplifier, the 
half-supply bias across the load would result in both in- 
creased internal IC power dissipation and also permanent 
loudspeaker damage. An output coupling capacitor forms a 
high pass filter with the load requiring that a large value 
such as 470 uF be used with an 82 load to preserve low 
frequency response. This combination does not produce a 
flat response down to 20 Hz, but does offer a compromise 
between printed circuit board size and system cost, versus 
low frequency response. 


POWER DISSIPATION 


Power dissipation is a major concern when designing a suc- 
cessful amplifier, whether the amplifier is bridged or single- 
ended. A direct consequence of the increased power deliv- 
ered to the load by a bridge amplifier is an increase in inter- 
nal power dissipation. Equation 1 states the maximum pow- 
er dissipation point for a bridge amplifier operating at a giv- 
en supply voltage and driving a specified output load. 


Ppmax = 4*(Vop)®/(27?R 1) (1) 
Since the LM4861 has two operational amplifiers in one 


package, the maximum internal power dissipation is 4 times .. 


that of a single-ended amplifier. Even with this substantial 


increase in power dissipation, the LM4861 does not require 
heatsinking. From Equation 1, assuming a 5V power supply 
and an 8 load, the maximum power dissipation point is 
625 mW. The maximum power dissipation point obtained 
from Equation 1 must not be greater than the power dissipa- 
tion that results from Equation 2: 


Ppmax = (Tymax — Ta)/8ya 2) 
For the LM4861 surface mount package, 0y4 = 170°C/W 


_and Tywax = 150°C. Depending on the ambient tempera- 


ture, Ta, of the system surroundings, Equation 2 can be 
used to find the maximum internal power dissipation sup- 
ported by the IC packaging. If the result of Equation 1 is 
greater than that of Equation 2, then either the supply volt- 
age must be decreased or the load impedance increased. 
For the typical application of a 5V power supply, with an 8 
load, the maximum ambient temperature possible without 
violating the maximum junction temperature is approximate- 
ly 44°C provided that device operation is around the maxi- 
mum power dissipation point. Power dissipation is a function 
of output power and thus, if typical operation is not around 
the maximum power dissipation point, the ambient tempera- 
ture can be increased. Refer to the Typical Performance 
Characteristics curves for power dissipation information for 
lower output powers. : 


POWER SUPPLY BYPASSING 


As with any power amplifier, proper supply bypassing is crit- 
ical for low noise performance and high power supply rejec- 
tion. The capacitor location on both the bypass and power 
supply pins should be as close to the device as possible. As 
displayed in the Typical Performance Characteristics 
section, the effect of a larger half supply bypass capacitor is 
improved low frequency THD + N due to increased half- 


supply stability. Typical applications employ a 5V regulator 


with 10 pF and a 0.1 »F bypass capacitors which aid in 
supply stability, but do not eliminate the need for bypassing 
the supply nodes of the LM4861. The selection of bypass 
capacitors, especially Cg, is thus dependant upon desired 
low frequency THD + N,.system cost, and size constraints. 


SHUTDOWN FUNCTION 


In order to reduce power consumption while not in use, the 
LM4861 contains a shutdown pin to externally turn off the 
amplifier’s bias circuitry. The shutdown feature turns the 
amplifier off when a logic high is placed on the: shutdown 
pin. Upon going into shutdown, the output is immediately 
disconnected from the speaker. There is a built-in threshold 
which produces a drop in quiescent current to 500 pA typi- 
cally. For a 5V power supply, this threshold occurs when 2V- 
3V is applied to the shutdown pin. A typical quiescent cur- 
rent of 0.6 »A results when the supply voltage is applied to 
the shutdown pin. In many applications, a microcontroller or 
microprocessor output is used to control the shutdown cir- 
cuitry which provides a quick, smooth transition into shut- 
down. Another solution is to use a single-pole, single-throw 
switch that when closed, is connected to ground and en- 
ables the amplifier. If the switch is open, then a soft pull-up 
resistor of 47 kN. will disable the LM4861. There are no soft 
pull-down resistors inside the LM4861, so a definite shut- 
down pin voltage must be applied externally, or the internal 
logic gate will be left floating which could disable the amplifi- 
er unexpectedly. 





Application Information (continued) 


HIGHER GAIN AUDIO AMPLIFIER 


The LM4861 is unity-gain stable and requires no external 
components besides gain-setting resistors, an input cou- 
pling capacitor, and proper supply bypassing in the typical 
application. However, if a closed-loop differential gain of 
greater than 10 is required, then a feedback capacitor is 
needed, as shown in Figure 2, to bandwidth limit the amplifi- 
er. This feedback capacitor creates a low pass filter that 
eliminates unwanted high frequency oscillations. Care 
should be taken when calculating the —3 dB frequency in 
that an incorrect combination of Ry and C; will cause rolloff 
before 20 kHz. A typical combination of feedback resistor 
and capacitor that will not produce audio band high frequen- 
cy rolloff is Re = 100 kN and Cy = 5 pF. These components 
result ina —3 dB point of approximately 320 kHz. Once the 
differential gain of the amplifier has been calculated, a 
choice of Ry will result, and Cs can then be calculated from 
the formula stated in the External Components Descrip- 
tion section. 


VOICE-BAND AUDIO AMPLIFIER 


Many applications, such as telephony, only require a voice- 
band frequency response. Such an application usually re- 
quires a flat frequency response from 300 Hz to 3.5 kHz. By 
adjusting the component values of Figure 2, this common 
application requirement can be implemented. The combina- 
tion of Rj and C; form a highpass filter while R¢ and Cy forma 
lowpass filter. Using the typical voice-band frequency range, 
with a passband differential gain of approximately 100, the 
following values of Rj, Cj, Ry, and Cy follow from the equa- 
tions stated in the External Components Description sec- 
tion. 

Rj = 10 kO, R¢ = 510k ,Cj = 0.22 pF, and Cy = 15 pF 
Five times away from a —3 dB point is 0.17 dB down from 
the flatband response. With this selection of components, 
the resulting —3 dB points, fL and fy, are 72 Hz and 20 kHz, 
respectively, resulting in a flatband frequency response of 
better than +0.25 dB with a rolloff of 6 dB/octave outside 
of the passband. If a steeper rolloff is required, other com- 
mon bandpass filtering techniques can be used to achieve 
higher order filters. 


SINGLE-ENDED AUDIO AMPLIFIER 


Although the typical application for the LM4861 is a bridged 
monoaural amp, it can also be used to drive a load single- 
endedly in applications, such as PC cards, which require 
that one side of the load is tied to ground. Figure 3 shows a 
common single-ended application, where Vo is used to 
drive the speaker. This output is coupled through a 470 pF 
capacitor, which blocks the half-supply DC bias that exists 
in all single-supply amplifier configurations. This capacitor, 
designated Co in Figure 3, in conjunction with R,, forms a 
highpass filter. The —3 dB point of this high pass filter is 
1/(277R_Co), so care should be taken to make sure that the 
product of Ri and Co is large enough to pass low frequen- 
cies to the load. When driving an 82 load, and if a full audio 
spectrum reproduction is required, Co should be at least 
470 pF. Voge, the output that is not used, is connected 


through a 0.1 uF capacitor to a 2 kN load to prevent insta- 


bility. While such an instability will not affect the waveform 
of Voi, it is good design practice to load the second output. 


AUDIO POWER AMPLIFIER DESIGN 
Design a 500 mW / 82 Audio Amplifier 


Given: 
Power Output 500 mWrms 
Load Impedance 82 
Input Level 1 Vrms(max) 
Input Impedance 20 kn. 
Bandwidth 20 Hz-20 kHz +0.25 dB 


A designer must first determine the needed supply rail to 
obtain the specified output power. Calculating the required 
supply rail involves knowing two parameters, Vopeak and 
also the dropout voltage. The latter is typically 0.7V. Vopeak 
can be determined from equation 3. 

Vopeak = V(2RLPo) (3) 
For 500 mW of output power into an 82 load, the required 
Vopeak is 2.83V. A minumum supply rail of 3.53V results 
from adding Vopeak and Vog. But 3.53V is not a standard 
voltage that exists in many applications and for this reason, 
a supply rail of 5V is designated. Extra supply voltage cre- 
ates dynamic headroom that allows the LM4861 to repro- 
duce peaks in excess of 500 mW without clipping the signal. 
At this time, the designer must make sure that the power 
supply choice along with the output impedance does not 
violate the conditions explained in the Power Dissipation 
section. 


Once the power dissipation equations have been ad- 
dressed, the required differential gain can be determined 
from Equation 4. 


Ava 2 2° V(PoRL/(Vin) = Vorms/Vinrms (4) 
Re/Rj = Ayg/2 (5) 
From equation 4, the minimum Avg is: Ayg = 2 


Since the desired input impedance was 20 kf, and with a 
Avg Of 2, a ratio of 1:1 of Rx to Rj results in an allocation of 
Rj = Re = 20 kf. Since the Ayg was less than 10, a feed- 
back capacitor is not needed. The final design step is to 
address the bandwidth requirements which must be stated 
as a pair of —3 dB frequency points. Five times away from a 
—3 db point is 0.17 dB down from passband response 
which is better than the required +0.25 dB specified. This 
fact results in a low and high frequency pole of 4 Hz and 
100 kHz respectively. As stated in the External Compo- 
nents section, Rj in conjunction with C; create a highpass 
filter. 


Cj = 1/ (277*20 kN.*4 Hz) = 1.98 pF; use 2.2 pF. 


The high frequency pole is determined by the product of the . 


desired high frequency pole, fy, and the differential gain, 
Ava. With a Ayg = 2 and fy = 100 kHz, the resulting GBWP 
= 100 kHz which is much smaller than the LM4861 GBWP 
of 7 MHz. This figure displays that if a designer has a need 
to design an amplifier with a higher differential gain, the 
LM4861 can still be used without running into bandwidth 
problems. 
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LMC7101 Tiny Low Power Operational Amplifier 
with Rail-To-Rail Input and Output 7 


General Description 


The LMC7101 is a high performance CMOS operational am- 
plifier available in the space saving SOT 23-5 Tiny package. 
This makes the LMC7101 ideal for space and weight critical 
designs. The performance is similar to a single amplifier of 
the LMC6482/4 type, with rail-to-rail input and output, high 
open loop gain, low distortion, and low supply currents, 

The main benefits of the Tiny package are most apparent in 
small portable electronic devices, such as mobile phones, 
pagers, notebook computers, personal digital assistants, 
and PCMCIA cards. The tiny amplifiers can be placed ona 
board where they are needed, simplifying board layout. 


Connection Diagrams 
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Ordering Information | NSC Drawing Number | Package Marking 
LMG7101BIN | NosE = LMC 101B IN 


Features 

m Tiny SOT23-5 package saves space—typical circuit lay- 
outs take half the space of SO-8 designs 

m Guaranteed specs at 2.7V, 3V, 5V, 15V supplies 

@ Typical supply current 0.5 mA at 5V 

@ Typical total harmonic distortion of 0.01% at 5V 

m@ 1.0 MHz gain-bandwidth 

m@ Similar to popular LMC6482/4 

m Input common-mode range includes V- and V+ 


m Tiny package outside dimensions—120 x 118 x 56 mils, 
3.05 x 3.00 x 1.43 mm 


Applications 

= Mobile communications 
m Notebooks and PDAs 

m@ Battery powered products 
@ Sensor interface 
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Absolute Maximum Ratings (note 1) Recommended Operating 


If Milltary/Aerospace specified devices are required, Conditions (note 1) 
please contact the National Semiconductor Sales + 
Office/Distributors for availability and specifications. Supply Voltage 2ST S 15.5V 


ESD Tolerance (Note 2). 2000V 
Difference Input Voltage ' + Supply Voltage 
Voltage at Input/Output Pin (Vt) + 0.3V, (V~) — 0.3V 
Supply Voltage (V+ — V-) 16V 
Current at Input Pin . t5mA 

_ Current at Output Pin (Note 3) _  £85mA 
Current at Power Supply Pin . ee 35 mA 
Lead Temp: (Soldering, 10 sec.) -. . 260°C 
Storage Temperature Range ~ - —65°C to + 150°C 
Junction Temperature (Note 4) - - 450°C 


Junction Temperature Range 
LMC7101Al, LMC7101BI -40°C < Ty s +85°C 
Thermal! Resistance (@j,) cae 
N Package, 8-Pin Molded DIP tee os 115°C/W 
MO5A Package, 5-Pin Surface Mt. 325°C/W 


2.7V Electrical Characteristics unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 2.7V, 
V- = OV, v, Ven = Vo.= Vt/2 and RL > 1MQ. Boldface limits apply at the temperature extremes. 


“4 : LMC7101Al | LMC7101BI 
Symbol Parameter conditions Limit Limit 
eels (Note 6) (Note 6) 
Vos Input Offset Voltage “yt = 2, ~vV 
TCVos Input Offset Voltage 
_| Average Drift 


InputBias Curent | 





Input Offset Current 

Input Resistance 

Common-Mode OV < Vom < 2.7V 
Rejection Ratio Vt =2.7V 


Input Common-Mode_ Vt= 
Voltage Range ' For me = 50 dB 


Power Supply. V+ = 1.35V to 1.65V 
Rejection Ratio V- = —1.35V to —1.65V 


Common-Mode Input 
Capacitance . 


' Output Swing - 


Slew Rate (Note 8) 
Gain-Bandwidth Product a 





3V DC Electrical Characteristics uniess othemise specified, all limits guaranteed for Ty = 25°C, V+ = 
3V, V- = OV, Vou = 1.5V, Vo = Vt/2 and RL = 1 Mf. Boldface limits apply at the temperature extremes. — 


; T LMC7101Al LMC7101B! 
Symbol . Parameter Conditions eis 5) Limit : Limit 
(Note 6) (Note 6) 
0.11 
6 9 

TCVos Input Offset Voltage { 

Average Drift 
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Rejection Ratio Vt = 3V 
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5V DC Electrical Characteristics uniess otherwise specified, all limits guaranteed for Ty = : BEC, vt = 
5V, V- = OV, Vom = 1.5V, Vo = V+/2 and R_ = 1 MQ. Boldface limits apply at the temperature extremes. : : 


- es Ce : T LMC7101Al LMC7101BI 
\ Parameter as 4 Conditions fate. 5) Limit Limit 
(Note 6) =e 6) 


TCVos Input Offset Voltage . 
aoe Drift . bv/ C 


| inputCurrent =| Current pA max 


r ~_| Input Offset Current os pA max 


| InputResistance | Resistance Tera | 
CMRR Common-Mode EE < Vom < 5V 
; Rejection Ratio ee 
+PSRR Positive Power Supply V+ = 5Vto 15V | ; 
; Rejection Ratio V- = OV, Vo = 1.5V ths 
—PSRR Negative Power Supply V- = —6Vto -15V 70 
Rejection Ratio V+ = OV, Vo = —1.5V 


Input Common-Mode For CMRR = 50 dB 
Voltage Range 





.Common-Mode 
Input Capacitance 


Output Swing 


Output Short Circuit Sourcing, Vo = OV 
Current 





5V AC Electrical Characteristics uniess otherwise specified, all limits guaranteed for Ty = 25°C, Vt = 
5V, V- = OV, /, Vom = 1.5V, Vo.= Vt/2 and RL = 1 MQ. Boldface limits apply at the temperature extremes. : 


_ LMC7101Al LMC7101BI 
Limit Limit 
(Note 6) (Note 6) 
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Pararielee Conditions 


| Total Harmonic "F = 10kHz, Ay = —2 
Distortion RL = 10k2, Vo = 4.0 Vpp 
Slew Rate a ioe 
Gan_sendwanProa | __———d 


15V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ 
15V, V~ = OV, Voy = 1.5V, Vo = V+/2 and R_ = 1 MN. Boldface limits apply at the temperature extremes. 


Typ 


Vos Input Offset Voltage 


. TCVos Input Offset Voltage 
Average Drift 
Ip Input Current 


los Input Offset Current 
Rin Input Resistance 


CMRR Common-Mode OV < Vom s 15V 
Rejection Ratio 

+PSRR Positive Power Supply V+ = 5Vto 15V | 
Rejection Ratio V- = 0V, Vo = 1.5V 

—PSRR Negative Power Supply = —5Vto —15V 
Rejection Ratio = OV, Vo = —1.5V 
Input Common-Mode V+ = 5V 
Voltage Range For CMRR 2 50 dB 


(Note 5) 


ag 
< 
mod 





pa ion 
olo 


LMC7101Al | LMC7101BI 


Limit Limit 
(Note 6) ‘(Note 6 





aan 
on 


—0.20 
0.00 


15.20 
15.00 


—0.20 
0.00 


Large Signal RL = 2k ~— Sourcing 
Voltage Gain (Note 7) 


Sinking 


R_ = 6000 = Sourcing 
(Note 7) Sinking 


Cin InputCapacitancs | 


Vo 





a 


ah 
onc 
—_— 





Output Short Circuit Sourcing, Vo = OV 
Current (Note 9) 
Sinking, Vo = 12V 
(Note 9) 
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15V AC Electrical Characteristics unless otherwise specified, all limits guaranteed for Ty = 25°C, Vt = 
15V, V- = OV, Voy = 1.5V, Vo = Vt/2 and R, = 1 MQ. Boldface limits apply at the temperature extremes. . 


T LMC7101A! LMC7101BI 
Parameter ae Conditions — (uote 5) Limit ‘Limit 
(Note 6) (Note 6) - 


Slew Rate — = 15V- 
et 8) 


| Gain-Bandwidth Product _| Product + = 15V 


Phase Margin ac aeenen a aes ee 


Input-Referred 
Voltage Noise 


Input-Referred 
Current Noise 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kN in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short operation at elevated ambient temperature can result in exceeding the maximum 
allowed junction temperature at 150°C. 


Note 4: The maximum power dissipation is a function of Tymax) ya and Ta. The maximum allowable power dissipation at any ambient temperature is PD = 
(Ty(max) — Ta)/OJa. All numbers apply for packages soldered directly into a PC board. ; : 


Note 5: Typical Values represent the most likely parametric norm. 


‘Note 6; All limits are guaranteed by testing or statistical analysis. 


Note 7: V+ = 15V, Voy = 1.5V and R, connect to 7.5V. For Sourcing tests, 7.5V < Vo < 12.5V. For Sinking tests, 2.5V < Vo < 7.5V. 


Note 8: V+ = 15V. Connected as a Voltage Follower with a 10V step input. Number spectiod is the slower of the positive and negative slew rates. RL = 100k . 
connected to 7.5V. Amp excited with 1 KHz to produce Vo = 10 Vpp. ; 


Note 9: Do not short circuit output to vt when V+ is greater than 12V or reliability will be adversely affected. 





Typical Performance Characteristics vs = +2.7v, sae Supply, Ta = 25°C unless specified © 
2.7V PERFORMANCE 


Open Loop . Input Voltage vs Gain and Phase vs 
Frequency Response (2.7V) Output Voltage (2.7V) Capacitance Load (2.7V) 
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1k 10k 100k ~AS =t 0,5 0.5 


Frequency (Hz) Output Voltage (Vv) Fraquency (Hz) 


Gain and Phase vs dVos vs dVos vs Common 
Capacitance Load (2.7V) Supply Voltage Mode Voltage (2.7V) 
a a os 
| 400 
300 
200 
100 
0 
7100 
-200 
-300 #4 
-400 


~500 
4 45 “14-1 -0.6 -0.2 0.2 0.6 


Frequency (Hz) Supply Voltage (V) Common Mode Voltage (V) 


Phase (°C) 
dVog (nV) 





Input Voltage (¥) 
d Vos (pV) 
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Sinking Current vs Sourcing Current vs 
Output Voltage (2.7V) — Output Voltage (2.7V) 








Isink (mA) 
lsource (mA) 











Td 
eferenced to V+ MY 
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Typical Performance Characteristics 


Single Supply, Ta = 


3V PERFORMANCE 


CAIN (dB) 


1 SOURCE (mA) 


Open Loop 
Frequency Response (3V) 





























10k 
FREQUENCY (Hz) 


Sourcing Current 
vs Output Voltage (3V) 
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Output Voltage Referenced to V5 


5V PERFORMANCE 


GAIN (d8) 


| SOURCE (mA) 


Open Loop 
Frequency Response (5V) 
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Output Voltage Referenced to Vo 


INPUT VOLTAGE (,¥) 
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INPUT VOLTAGE (,V) 


| SINK (mA) 


25°C unless specified (Continued) 


‘Input Voltage vs 
Output Voltage (3V) 
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OUTPUT VOLTAGE (V) 


Sinking Current vs 
Output Voltage (3V) 























0.001 0.01 


Output Voltage Referenced to GND 


Input Voltage vs . 
Output Voltage (5V) 
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OUTPUT VOLTAGE (V) 


Sinking Current vs 
Output Voltage (5V) 
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Output Voltage Referenced to GND 


VOLTAGE NOISE (nV/Hz) 


VOLTAGE NOISE (nV/Hz) 


CMRR (d8) 


Input Voltage Noise 
vs Input Voltage (3V) 
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CMRR vs Input Voltage (3V) 
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Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 25°C unless specified (Continued) 


1 SOURCE (mA) GAIN (d8) 
SUPPLY CURRENT (,1A) ( 


NOISE (nV/Hz) 


Open Loop 
Frequency Response (15V) 


= i TT 
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Sourcing Current vs 
Output Voltage (15V) 
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Output Voltage Referenced to Vs 


Supply Current vs 
Supply Voltage 
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vs Frequency . 
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Output Voltage (15V) 
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Output Voltage Referenced to GND 
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Temperature . 
























































TEMPERATURE (°C) 


Positive PSRR 


; vs Frequency 
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Input Voltage Noise 
vs Input Voltage (15V) 
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Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 


CMRR (dB) 


GAIN (dB) 
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Slew Rate (V/s) 


CMAR vs Frequency 
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Typical Performance Characteristics 
Vg = +15V, Single Supply, Ta = 25°C unless specified (Continued) 


INPUT SIGNAL 


(50 mv/DIV) 


OUTPUT SIGNAL 


INPUT SIGNAL 


(1v/bIv) 


a 
=< 
= 
2 
n 
- 
= 
a 
= 
2 
°o 


INPUT SIGNAL 


OUTPUT SIGNAL 


INPUT SIGNAL 


OUTPUT SIGNAL 


inverting Small Signal 
Pulse Response 


(50 mV¥/DI¥) 


(1v/Div) 








TIME (1428/01¥) 


inverting Large Signal 
Pulse Response 


REE AESERE 
Bn Ee 
PTT ry 
Raa T, = 485°C, | | 
BR asec i 
PVA Nos 
BERANE 
Pe fe | [fees | 7 | 


TIME (1 ys/DIV) 


Non-Inverting Small Signal 


Pulse Response 


HERES PSR 
ERERRER See 
SRewEe eee 
| | | Ty = +85°C, | | 
PN a Ah Ld 
RoE a See 
AT TT TTT 

Wsome] | frst | 


TIME (1 yss/DIV) 


Non-Inverting Large Signal 


Pulse Response 


Ty = +85°C, 
rN R= 2ko Vi 
cexptty rr 
Ew | ed | tims] I 





TIME (1 4s/DIV) 


INPUT SIGNAL 


(1v/otv) 


INPUT SIGNAL 
(S50 mV/DIV) 


OUTPUT SIGNAL 


INPUT SIGNAL 


OUTPUT SIGNAL 


CAPACITIVE LOAD (pF) 


OUTPUT SIGNAL 


(1v/dIVv) 


Inverting Large Signal 
Pulse Response 


Ty = -40°C,' 
R= 2k 


HGR 
RESP ARR ee 
aa aeeaese 
Caen e Ae 


TIME (148/DIV) 


Non-Inverting Small Signal 


Pulse Response 


Li a 

Creo 
ess VL Sees | 
somvfseme] | [rms] | | 


TIME (1ys/DIV) 


Non-Inverting Large Signal 


Pulse Response 


TIME (148/DIV) 


Stability vs 


é Capacitive Load 


a = 
tt—} 25% OVERSHOOT [—} 


“6 -5-4-3-2-10 12345 6 


Your (V) 


6-13 


OUTPUT SIGNAL 


INPUT SIGNAL 


(50 mV/DIV) 


OUTPUT SIGNAL 


INPUT SIGNAL 


OUTPUT SIGNAL 


CAPACITIVE LOAD (pF) 


INPUT SIGNAL 


(iv/olv) 


Inverting Large Signal 
Pulse Response 


ee ae 
LIAL TN | 


SESE IN a 
Cy | 


(1V/DIV) 





Py | [es] 


TIME (1 s/DIV) 


Non-Inverting Small Signal 


Pulse Response 





a ne 

MTT TT TT 
cts aaee 
som¥some] | frm] | 


TIME (1423/DIV) 


Non-Inverting Large Signal 


Pulse Response 


Pi ceceee 
ToT 
A 
eet ai 
Ase Ce 
PN 
PREC 
rete 


TIME (1ys/DIV) 


Stabllity vs 


Capacitive Load 
0 


“6-5 -4-3-2-101 234 5 6 


Your (¥) 


TL/H/11991-6 





LOLZOWT 





LMC7101 


Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 25°C unless specified (Continued) «°° 
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Application Information. 


1.0 Benefits of the LMC7101 

Tiny Amp 

Size. The small footprint of the SOT 23-5 packaged Tiny 
amp, (0.120 x 0.118 inches, 3.05 x 3.00 mm) saves space 
on printed circuit boards, and enable the design of smaller 
electronic products. Because they are easier to carry, many 
customers prefer smaller and lighter products. 


Height. The height (0.056 inches, 1.43 mm) of the Tiny amp 
makes it possible to use it in PCMCIA type III cards. . 


Signal Integrity. Signals can pick up noise between the 
signal source and the amplifier. By using a physically small- 
er amplifier package, the Tiny amp can be placed closer to 
the signal source, reducing noise pickup and increasing sig- 
nal integrity. The Tiny amp can also be placed next to the 
signal destination, such as a buffer for the reference of an 
analog to digital converter. 


Simplified Board Layout. The Tiny amp can simplify board 
layout in several ways. First, by placing an amp where amps 
are needed, instead of routing signals to a dual or quad 
device, long pe traces may be avoided. 


By using multiple Tiny amps instead of duals or quads, com- 
plex signal routing and possibly crosstalk can be reduced. 


DIPs available for prototyping. LMC7101 amplifiers pack- 
aged in conventional 8-pin dip packages can be used for 
prototyping and evaluation without the need to use surface 
mounting in early project stages. 


Tapes of ten for prototyping. The SOT23-5 packaged de- 
vices are available in convenient and economical ten unit 
tapes for prototypes, evaluation, and small production runs. 


Low THD. The high open loop gain of the LMC7101 amp 
allows it to achieve very low audio distortion—typically 
0.01% at 10 kHz with a 10 kf load at 5V supplies. This 
makes the Tiny an excellent for audio, modems, and low 
frequency signal processing. 


Low Supply Current. The typical 0.5 mA supply current of 
the LMC7101 extends battery life in portable applications, 
and may allow the reduction of the size of batteries in some 
applications. 


Wide Voltage Range. The LMC7101 is characterized at 
15V, 5V and 3V. Performance data is provided at these pop- 
ular voltages. This wide voltage range makes the LMC7101 
a good choice for devices where the voltage may vary over 
the life of the batteries. 


2.0 Input Common Mode 
Voltage Range 


The LMC7101 does not exhibit phase inversion when an 
input voltage exceeds the negative supply voltage. Figure 7 
shows an input voltage exceeding both supplies with no re- 
sulting phase inversion of the output. 


The absolute maximum input voltage is 300 mV beyond ei- 
ther rail at room temperature. Voltages greatly exceeding 
this maximum rating, as in Figure 2, can cause excessive 
current to flow in or out of the input pins, adversely affecting 
reliability. 


Ae 


; TL/H/11991-8 
FIGURE 1. An Input Voltage Signal Exceeds the 
LMC7101 Power Supply Voltages with 
No Output Phase Inversion 


Vin (+ 7.5V) 


Vout (1V/ div) 





TL/H/11991-9 
FIGURE 2. A +7.5V Input Signal Greatly 
Exceeds the 3V Supply in Figure 3 Causing 
No Phase Inversion Due to R; 


Applications that exceed this rating must externally limit the 
maximum input current to +5 mA with an input resistor as 
shown in Figure 3. 


Vout 
VIN 
R= 10kN = 
TL/H/11991-10 
FIGURE 3. R; Input Current Protection for 
Voltages Exceeding the Supply Voltage 


3.0 Rail-To-Rail Output 


The approximate output resistance of the LMC7101 is 1809, 
sourcing and 1309 sinking at Vs = 3V and 1109 sourcing 
and 809 sinking at Vg = 5V. Using the calculated output 
resistance, maximum output voltage swing can be estimat- 
ed as a function of load. 
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4.0 Capacitive Load Tolerance 


The LMC7101 can typically directly drive a 100 pF load with 
Vs = 15V at unity gain without oscillating. The unity gain 
follower is the most sensitive configuration. Direct capaci- 
tive loading reduces the phase margin of op-amps. The 
combination of the op-amp’s output impedance and the ca- 
pacitive load induces phase lag. This results in either an 
underdamped pulse response or oscillation. 


Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 4. This simple tech- 
nique is useful for isolating the capacitive input of multiplex- 
ers and A/D converters. 


= 


TL/H/11991-11 
FIGURE 4. Resistive Isolation 
- Of a 330 pF Capacitive Load. 


5.0 Compensating for Input 
Capacitance when Using Large 
Value Feedback Resistors 


When using very large value feedback resistors, (usually 
> 500 kM) the large feed back resistance can react with the 
input capacitance due to transducers, photodiodes, and cir- 
cuit board parasitics to reduce phase margins. 


6-16 


The effect of input capacitance can be compensated for by 
adding a feedback capacitor. The feedback capacitor (as in 
Figure 5), Cy is first estimated by: 

at eee 

2m7Ry Cin = 27 RoC; 


or 
Ry Cin S Ro Cy 

which typically provides significant overcompensation. 
Printed circuit board stray capacitance may be larger or 
smaller than that of a breadboard, so the actual optimum 
value for Cr may be different. The values of Cr should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 


Cf 
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FIGURE 5. Cancelling the Effect of Input Capacitance 





SOT-23-5 Tape and Reel Specification 
TAPE FORMAT 


Tape Section # Cavities Cavity Status Cover Tape Status 
Leader = | miny) ~—| Empty, ~— | Sealed 
mid 75 (min) 

| | 3000 Filled 
Carrier 

a Filed 

Trailer 128 (min) 

(HuPEnd) | otis) | mpty | Sled 


TAPE DIMENSIONS 


$ 0.061#0.002 TYP. 
[1.5540.05] . 
0.157 TYP 


0.07940.002 Le satega Bese rt | 
_  [2£0.05) 4 


RO.012 TYP 
[0.3] 


9 0.04140.002 TYP |p Tp->| ALL INSIDE RADII 


[1,040.05] a Oe: DIRECTION OF FEED ——————»> 
a . GAGE LINE 


A TYP . 
@ TANGENT POINTS | CAVITY. R0.012 TYP GAGE LINE 
SYMM [0.3 


° 
3° MAX TYP q ALL INSIDE RADII 


Ao 
AT GAGE LINE 
; SECTION AA 


[Tape Size| DIMA] DIMAo|OIMB| DIMBo| DIME | DIMKo__| DIMPt | 
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CAVITY 
SYMM 


: Bo 
: @ GAGE LINE 


0.012 
[0.3] 
SECTION B-B 


R 1.181 MIN. 
[30] 


BEND RADIUS 
NOT TO SCALE 


TL/H/11991-13 


0.138 + 0.002 | 0.055 + 0.004 0.315 +0.012 
(3.5 £0.05) (1.4 +0.11) ae +0.3) 


| DIMW Ww 
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SOT-23-5 Tape and Reel Specification (Continued) 
REEL DIMENSIONS 


TAPE SLOT 


DETAIL X 


SCALE: 3X W 
5 


TL/H/11991-14 


7.00 | 0.059 0.795 0.331 + 0.059/ —0.000 | 0.567 | W1+ 0.078/—0.039 
330.00} 1.50 20.20 8.40 + 1.50/—0.00 | 14.40} W1 + 2.00/—1.00 





Tapesize| A | B | c | Dd | N | 


6.0 SPICE Macromodel 


A SPICE macromodel is available for the LMC7101. This ¢ Output swing dependence on loading conditions and 
model includes simulation of: many more characteristics as listed on the macro model 
¢ Input common-mode voltage range disk. Contact your local National Semiconductor sales 
e Frequency and transient response office to obtain an operational amplifier spice model li- 


7 4 brary disk. 
¢ GBW dependence on loading conditions 


* Quiescent and dynamic supply current 
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LMC7111 


LELLZOW 


Tiny CMOS Operational Amplifier with Rail-to-Rail Input 


and Output 


General Description 


The LMC7111 is a micropower CMOS operational amplifier 
available in the space saving SOT 23-5 package. This 
makes the LMC7111 ideal for space and weight critical de- 
signs. The wide common-mode input range makes it easy to 
design battery monitoring circuits which sense signals 
above the V+ supply. The main benefits of the Tiny pack- 
age are most apparent in small portable electronic devices, 
such as mobile phones, pagers, and portable computers. 
The tiny amplifiers can be placed on a board where they are 
needed, simplifying board layout. 


Connection Diagrams 


8-Pin DIP 


1 
2 


NC 
INVERTING INPUT 


NON-INVERTING _3 8 
INPUT : OUTPUT 
v NC 


TL/H/12352-1 
Top View 


Ordering Information | 


Ordering 
Information 


Package 


8-Pin DIP 


LMC7111BIN 


8-Pin DIP 
5-Pin SOT23-5 





Actual Size 


NSC Drawing 
Number 


Features , 

m Tiny SOT23-5 package saves space 

m Very wide common mode input range 

@ Specified at 2.7V, 5V, and 10V 

m Typical supply current 25 pA at 5V 

m 50 kHz gain-bandwidth at 5V 

wm Similar to popular LMC6462 

m Output to within 20 mV of supply rail at 100k load 
mg Good capacitive load drive 


Applications 


_™ Mobile communications. 


@ Portable computing 

@ Current sensing for battery chargers 
m Voltage reference buffering 

m@ Sensor interface 

m Stable bias for GaAs RF amps 


5-Pin SOT23-5 


output Say 
yz 
NON-INVERTING 3 4 INVERTING 
INPUT INPUT 


: TL/H/12352-2 
Top View 


TL/H/12352-19 


Package : 
Transport Media 


LMC7111BIN 


LMC7111BIM5X | MAO5A A01B 3k Units on Tape and Reel 








LMC7111 


Absolute Maximum Ratings (note 1) Operating iat (Note 1) 


If Milltary/Aerospace specified devices are required, . ‘Supply Voltage oo 6 2.5V < Vt+<11V 
Office/Distributors for availabillty and specifications. LMC7111Al, LMC7111B! ~40°C < Ty < +85°C 


ESD Tolerance SOT23-5 (Note 2) 2000V Thermal Resistance (8a) ee 
ESD Tolerance DIP Package (Note 2) 1500V N Package, 8-Pin Molded DIP #8 445°C/W 


Differential Input Voltage ; + Supply Voltage: : MO5A Package, 5-Pin Surface Mount ..° <.  325°C/W 
Voltage at Input/Output Pin (Vt) + 0.3V, (V-) — 0.38V acs 


Supply Voltage (V+ -~- V~) 11V 
Current at Input Pin +5mA 
Current at Output Pin (Note 3) . £30mA 
Current at Power Supply Pin 30 mA 
Lead Temp. (Soldering, 10 sec.) ; 260°C 
Storage TemperatureRange | —65°C to + 150°C 
Junction Temperature (Note 4) ct 150°C 


2.7V bc Electrical Characteristics Unless otherwise specified, all limits suatanioed for ae = 25°C, Vt= 
2.7V, = OV, Vow = Vo = V+/2 and RL. >. 1 MQ. Boldface limits a at the temperature extremes. 


7 LMC7111Al LMC7111B1. 
Symbol Parameter an Conditions am 5) Limit Limit 
(Note 6) (Note 6) 
Vos Input Offset Voltage =. | Vt =2.7V 7 
i 9 
Input Offset Voltage 
Average Drift 


RIN inputResistance | Tt | 

+PSRR . | Positive Power Supply 2.7V < V+ <5.0V, ‘55 
Rejection Ratio V— = OV, Vo = 2.5V ' 50 . 

—PSRR ‘| Negative Power Supply —2.7V < V- <—5.0V, : 
Rejection Ratio V—- = OV, Vo = 2.5V 

Vom Input Common-Mode V+ = 2.7V 
Voltage Range For CMRR 2 50 dB 








Common-Mode Input 

Capacitance 

Output Swing : Vt =2.7V 
R_ = 100 kn 
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2.7V DC Electrical Characteristics unless otherwise specified, all limits guaranteed for Ty = 25°C, Vt = 
2.7V, V— = OV, Vom = Vo = Vt/2 and Ry > 1 MQ. Boldface limits apply at the temperature extremes. (Continued) 


LMC7111Al LMC7111BI 
Limit Limit 
(Note 6) (Note 6) 


Output Short Circuit 
Current 


Voltage Gain Sourcing 


Sinking 


2.7V AC Electrical Characteristics unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 
2.7V, V— = OV, Vom = Vo = Vt/2 and Ry > 1 MQ. Boldface limits apply at the temperature extremes. 


rT LMC7111A! | LMC7111Bi 
Parameter Conditions er 5) Limit Limit 
(Note 6) (Note 6) 


| SiowRate | (Noto 8) qos | 
GainBandwidth Proauct_ | | ao | 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kf in series with 100 pF. 





Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature at 150°C. 


Note 4: The maximum power dissipation is a function of Tmax, Aya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 
(Ty(maxy — Ta)/9ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 
Note 6: All limits are guaranteed by testing or statistical analysis. 
Note 7: V+ = 2.7V, Voy = 1.35V and R_ connected to 1.35V. For Sourcing tests, 1.35V < Vo < 2.7V. For Sinking tests, 0.5V < Vo < 1.35V. 


Note 8: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive and negative slew rates. Input referred, V+ = 2.7V and 
Ri = 100 kA connected to 1.35V. Amp excited with 1 kHz to produce Vo = 1 Vpp. 


Note 9: Bias Current guaranteed by design and processing. 
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3V DC Electr ical Char acteristics Unless otherwise specified, all limits guaranteed for Ty = = 25°C, Base : 
3V, Vz = OV, Vom =Vo= = V+/2 and R, >. 1 MQ. Boldface limits apply at the temperature extremes. . 


LMC7111Al LMC7111BI- 
Limit Limit 
(Note 6) (Note 6) 


Typ 
(Note 5) © 


oe a - | | Conditions 


Input Common-Mode "Vt = 3V 
Voltage Range - | ForCMRR 2 50dB 


3.3V DC Electrical Characteristics unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 
3.3V, V- = OV,-Vom = Vo = Vt/2 and RL > 1 MQ. Boldface limits anh at the temperature extremes. 


LMC7111Al LMC7111Bl 
Limit Limit 
(Note 6) ' (Note 6) 


- Typ 
’ Parameter | Conditions (Note 5) 
taput Common-Mode’ | Vt = 3.3V 

Voltage Range os For CMRR = 50dB 
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5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ty = 25°C, Ve = 
5V, V- = OV, si = Vo = Vt/2 and Ri > 1 MQ. Boldface limits apply at the temperature extremes. + 


LELZOW 


: LMC7111AI LMC7111BI 
f +f quotes Limit Limit 
(Note 6) (Note 6) 


| Input Offset sig ae 
Average Drift aN = ae 
Input Bias Current (Note 9) 
i 
ee Cfieet Current (Note 9) 
Leh 


Rin | InputResistanco Resistance ‘Teran 
CMRR Common Mode ——— s Vem < 5V _ dB 7 
Rejection Ratio — in 
+PSRR Positive Power Suppl) 5V < Vt <10V, | 
Rejection Ratio V—- = OV, Vo = 2.5V 
—PSRR Negative Power Supply —-5V < V- <-—10V, 
Rejection Ratio V- = 0V, Vo = —2.5V 


Vom Input Common-Mode Vt = 5V 
Voltage Range For CMRR 2 50 dB 


Parameter : Conditions 


Common-Mode Input 
Capacitance 


Output Swing V+ = 5V 

Ry = 100 kN 

V+ = 5V 

Ry = 10 kn 
Output Short Circuit Sourcing, Vo = OV 
Current 

Sinking, Vo = 3V 


Voltage Gain Sourcing 


Sinking 


Supply Current Vt = +5V, 
Vo = Vt/2 
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BV AC. Electrical Characteristics Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+. = 
5V, V- = OV, Vom = Yo = V+/2 and R, > 1 MQ. Boldface limits apply at the temperature extremes. 


on ae a LMC7111Al | LMC7111BI 
_ Parameter poneitions me, 5) Limit Limit 
(Note 6) (Note 6) 
Slew Rate Positive Going Slew Rate 0. 027 
a 8) 


| Gain-Bandwidth Product _| Bandwidth Product 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. | |____ indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test Sonaitions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 k in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply Spree Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature at 150°C. 


Note 4: The maximum power dissipation is a function of Tj(max), 9ya and Ta. The maximum allowable power dissipation at beny ambient omens is Pp = 


. (Ty(maxy — Ta)/8Ja. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 


” Note 6: All limits are guaranteed by testing or statistical analysis. 


my 


Note 7: V+ = 5V, Vow = 2.5V and Ri connected to 2.5V. For Sourcing tests, 2.5V < Vo < 5.0V. For Sinking tests, 0.5V < Vo < 2. 5V. 


Note 8: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive slew rate. The negative slew rate is faster. Input 
referred, V+ = 5V and R, = 100 kf connected to 1.5V. Amp excited with 1 kHz to produce Vo = 1 Vpp. 


Note 9: Bias Current guaranteed by design and processing. 
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10V DC Electrical Characteristics untess otherwise specified, all limits guaranteed for T) = 25°C, V+ = 
10V, V- = OV, Vom = Vo = Vt/2 and RL > 1 MQ. Boldface limits apply at the temperature extremes. . 







LMC7111Al 
Limit 
(Note 6) 


LMC7111BI 
Limit 
(Note 6) 




























7 mV 

: 9 max 

TCVos Input Offset Voltage 7 
oe Average Drift le 

Ip Input Bias Current 0.1 1 | pA 
20 max 

“log: Input Offset Current: 0.01 pA 
max 
Riv ‘| InputResistanco |_| tT | Toran 

+PSRR Positive Power Supply 5V < V+ <10V, dB 
Rejection Ratio — = OV, Vo = 2.5V - min’ 

—PSRR Negative Power Supply |  —5V < V- <—10V, ' dB 

. Rejection Ratio V—- = OV, Vo = 2.5V min 

Vom Input Common-Mode Vt =10V —0.15 —0.15 V 

Voltage Range For CMRR 2 50 dB 0.00 0.00 min 

10.15 10.15 V. 

10.00 10.00 max 





Isc Output Short Circuit mA 
Current (Note 9) min 
mA 
min 
AVOL Voltage Gain Sourcing 







100 kQ Load 
Sinking 


Vo = V+/2 max 
Vo V+ = 10V | 999 | 998 9.98 vmin 
Ry = 100k0 | oot | 002 | 002 | vmax 
V+ = 10V 99 =| 99 | | Vimin 
Ry = 10k0 | aoe | ot | ot vin 
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LMC7111 











10V AC Electrical Characteristics uniess otherwise specified, all limits guaranteed for T) = 25°C, V+ = 
10V, V- = OV, Vom = Vo = Vt/2 and Ry > 1 MQ. Boldface limits apply at the temperature extremes. — 









T LMC7111Al LMC7111B! 
Symbol ' Parameter Conditions fete 5) Limit . Limit 
, (Note 6) (Note 6) 


(Notes) | 0.03 
_ Gain-Bandwidth Product ees a 


|| 


Input-Referred 
Voltage Noise 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 

intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kN in series with 100 pF. 





kHz 










Input-Referred 
Current Noise 





Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature at 150°C. : 


Note 4: The maximum power dissipation is a function of Tmax): 9ya and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 
(Tjmax) — Ta)/@ya. All numbers apply for packages soldered directly into a PC board. : 


Note 5: Typical Values represent the most likely parametric norm. 
Note 6: All limits are guaranteed by testing or statistical analysis. 
Note 7: V+ = 10V, Vow = 5V and R; connected to 5V. For Sourcing tests, 5V < Vo < 10V. For Sinking tests, 0.5V < Vo < 5V. 


Note 8: Connected as Voltage Follower with 1.0V step input. Number specified is the slower of the positive and negative slew rates. Input referred, V+ = 10V and 
R_ = 100 kM connected to 5V. Amp excited with 1 kHz to produce Vo = 2 Vpp. ; 


Note 9: Operation near absolute maximum limits will adversely affect reliability. 
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Typical Performance Characteristics Ta = 25°C unless specified, Single Supply 


Supply Current vs 
Supply Voltage 


— ee 


Sa ee 


Supply Current (A) 


—eisce 
aANNNN_LWAGAA LP EPR 
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Supply Voltage (V) 


2.7V PERFORMANCE 


OFFSET VOLTAGE (:V) 


Open Loop Gain (48) 


Offset Voltage vs Common 
Mode Voltage @ 2.7V 


400 
300 Vg = £ 1.35V = 


soo|—fe_| | Lathe 
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Gain and Phase vs 
Capacitive Load @ 2.7V 
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Frequency (Hz) 


Isink (mA) 


Open Loop Gain (dB) 


Voltage Noise (nV/Hz) 


TL/H/12352-3 


Sinking Output vs 
Output Voltage 
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Output Voltage (V) 


Gain and Phase vs 
Capacitive Load @ 2.7V 
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Phase (deg) 








LLLZOWT 


Voltage Noise vs Frequency 
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Sourcing Output vs 
Output Voltage 
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Gain and Phase vs 
Capacitive Load @ 2.7V 
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Typical Performance Characteristics 1, = 25°c unless specified, Single Supply (Continued). 
3V PERFORMANCE 


Voltage Noise vs Common Output Voltage vs Input ‘Offset Voltage vs Common 
Mode Voltage @ 3V_- S. Voltage @ 3V By ae ig Mode Voltage @ av. 


aces 


Voltage Noise (nV/Hz) 
Input Voltage (4) 
OFFSET VOLTAGE (y¥) - 





“15 -1 -05 0 O58 4° 4. “15 -1 -05 0 05 s°- "2.5 -2-15-1-050 05 115 2 2.5 
Common Node Yoltage (vy) Output Voltage (V) _ COMMON MODE VOLTAGE (¥) 


Sourcing Output vs Sinking Output vs Galn and Phase vs 
Output Voltage Output Voltage pepactive) Load @ ay 
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GainandPhasevs =~ Gain and Phase vs 
Capacitive Load @ 3V _. Capacitive Load @ 3V 
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Typical Performance Characteristics Ta = 25°C unless specified, Single Supply (Continued) 
5V PERFORMANCE 


LELZOWT 


Voltage Noise vs Common Output Voltage vs Offset Voltage vs Common 
Mode Voltage @ 5V Input Voltage @ 5V Mode Voltage @ 5V 
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' Non-Inverting Large Signal 


Pulse Response at 5V: 
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Typical Performance Characteristics 1, = 25°C unless specified, Single Supply (Continued) 
5V PERFORMANCE (Continued) 
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Typical Performance Character! istics T, = 25°C unless specified, Single Supply (Continued) 
10V PERFORMANCE 


Voltage Noise (nV/Hz) 
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Phase (deg) 





AN evra. 


Offset Voltage (V) 


Open Loop Gain (dB) 








Offset Voltage vs Common 
Mode Voltage @ 10V. 








400 
“6_5-4_372_,09 , 25 4 5 6 


Common Node Voltage (V) . 


Gain and Phase vs 
, Capacitive Load @ 10V . 


HIM | v5 = #5V 
[ | RI= 100k 
It (t, ==55°C 


SSS 
fz — 
A 


LS 
ro 

































































10 100 1000 «10k 100k 1M 


Frequency (Hz) 


Coca 


le ii 
HARES aes 
isn RR AR ee 
| 20 Hater 





EDDan 





Inverting Large Signal 
Pulse Response at 10V 


Vg =25V 
RI= 100k 


rstomzee | tl 


ak 
CNETTV 
PERCE 
Pstonven] | Dnt 


TL/H/12352-11 


Phase (deg) 


| Non-Inverting Small Signal 
- Pulse Response at 10V 


LLLZOWT 





LMC7111 


Application Information. 


1.0 Benefits of the LMC7111 

Tiny Amp 

Size. The small footprint of the SOT 23-5 packaged Tiny 
amp, (0.120 x 0.118 inches, 3.05 x 3.00 mm) saves space 
on printed circuit boards, and enable the design of smaller 


electronic products. Because they are easier to carry, many 
customers prefer smaller and lighter products. 


Height. The height (0.056 inches, 1.43 mm) of the Tiny amp 
makes it possible to use it in PCMCIA type III cards. 


Signal Integrity. Signals can pick up noise between the 
signal source and the amplifier. By using a physically small- 
er amplifier package, the Tiny amp can be placed closer to 
the signal source, reducing noise pickup and increasing sig- 
nal integrity. The Tiny amp can also be placed next to the 
signal destination, such as a buffer for the reference of an 
analog to digital.converter. 


Simplified Board Layout. The-Tiny amp can simplify board 
layout in several ways. First, by placing an amp where amps 
are needed, instead of routing signals to a dual or quad 
device, long pe traces may be avoided. 


By using multiple Tiny amps instead of duals or quads, com- 
plex signal routing and possibly crosstalk can be reduced. 
DIPs available for prototyping. LMC7111 amplifiers pack- 
aged in conventional 8-pin dip packages can be used for 
prototyping and evaluation without the need to use ssurtece 
mounting in early project stages. 


Low Supply Current. The typical 25 pA supply current of 
the LMC7111 extends battery life in portable applications, 
and may allow the reduction of the size of batteries in some 
applications. 


Wide Voltage Range. The LMC7111 is characterized at 
2.7V, 3V, 3.3V, 5V and 10V. Performance data is provided at 
these popular voltages. This wide voltage range makes the 
LMC7111 agood choice for devices where the voltage may 
vary over the life of the batteries. 2 


2.0 Input Common Mode 
Voltage Range 


The LMC7111 does not exhibit phase inversion when an . 
input voltage exceeds the negative supply voltage. |. 

The absolute maximum input voltage is 300 mV beyond ei- » 
ther rail at room temperature. Voltages greatly exceeding 
this maximum rating can cause excessive current to flow in 
or out of the input pins, adversely affecting reliability. 


Applications that exceed this rating must externally limit the 
maximum input current to +5 mA with an input resistor as 
shown in Figure 7. 


Vout 





VIN 
Ry = 100k0 = 
TL/H/12352-14 
FIGURE 1. Ry Input Current Protection for 
Voltages Exceeding the Supply Voltage 
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3.0 Capacitive Load Tolerance 


The LMC7111 can typically directly drive a 300 pF load with 
Vs = 10V at unity gain without oscillating. The unity gain 
follower is the most sensitive configuration. Direct capaci- 
tive loading reduces the phase margin of op-amps. The 
combination of the op-amp’s output impedance and the ca- 
pacitive load induces phase lag. This ‘results in either an 
underdamped pulse response or oscillation. 

Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 2. This simple tech- 
nique is useful for isolating the capacitive input of multiplex- 
ers and A/D converters. 





TL/H/12352~12 
FIGURE 2. Resistive Isolation . 
of a 330 pF Capacitive Load 


4.0 Compensating for Input 
Capacitance when Using Large 
Value Feedback Resistors 


_ When using very large value feedback resistors, (usually 


> 500 k) the large feed back resistance can react with the 
input capacitance due to transducers, photodiodes, and cir- 
cuit board parasitics to reduce phase margins. 


The effect of input capacitance can be compensated for by 
adding a feedback capacitor. The feedback capacitor (as in 
Figure 3), Cy is first estimated by: 
| mee es eee 
27Ry Cin = 2arRaCy 
or 
Ry Cin < Ra Cy 


which typically provides significant overcompensation. 


Printed circuit board stray capacitance may be larger or 
smaller than that of a breadboard, so the actual optimum 
value for Ce may be different. The values of Cr should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 


Cf 


Vout 
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FIGURE 3. Cancelling the Effect of Input menecreie 


5.0 Output Swing 


The output of the LMC7111 will go to within 100 mV of 
either power supply rail for a 10 kN. load and to 20 mV of the 
rail for a 100 kN load. This makes the LMC7111 useful for 
driving transistors which are connected to the same power 
supply. By going very close to the supply, the LMC7111 can 
turn the transistors all the way on or all the way off. 


3V 


LM4040 


Voltage 
Reference 


Cr and Risolation prevent oscillations when driving capacitive loads. 


6.0 Biasing GaAs RF Amplifiers 

The capacitive load capability, low current draw, and small 
size of the SOT23-5 LMC7111 make it a good choice for 
providing a stable negative bias to other integrated circuits. 
The very small size of the LMC7111 and the LM4040 refer- 
ence take up very little board space. 


RF Amp 
(Ga As) 


STABLE 
-3.75V 
Negative Bias 


isolation (Optional) 


~6V Unregulated 
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FIGURE 4. Stable Negative Bias 


7.0 Reference Buffer for A-to-D 


Converters 


The LMC7111 can be used as a voltage reference buffer for 
analog-to-digital converters. This works best for A-to-D con- 
verters whose reference input is a static load, such as dual 
slope integrating A-to-Ds. Converters whose reference input 
is a dynamic load (the reference current changes with time) 
may need a faster device, such as the LMC7101 or the 
LMC7131. 


LM4040 
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The small size of the LMC7111 allows it to be placed close 
to the reference input. The low supply current (25 pA typi- 
cal) saves power. 


For A-to-D reference inputs which require higher accuracy 
and lower offset voltage, please see the LMC6462 data- 
sheet. The LMC6462 has performance similar to the 
LMC7111. The LMC6462 is available in two grades with re- 
duced input voltage offset. 


D/A Converter 


Reference 
Input 


TL/H/12352-18 
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8.0 Dual and Quad Devices with 


Similar Performance 


The LMC6462 and LMC6464 are dual and quad devices 
with performance similar to the LMC7111. They are avail- 
able in both conventional through-hole and surface mount 
packaging. Please see the LMC6462/4 datasheet for de- 
tails. 


9.0 SPICE Macromodel 


A SPICE macromodel is available for the LMC7111. This 
model includes simulation of: 


© Input common-mode voltage range 
© Frequency and transient response 
® Quiescent and dynamic supply current 


® Output swing dependence on loading conditions and 
many more characteristics as listed on the macro model 
disk. Contact your local National Semiconductor sales 
office to obtain an operational amplifier spice model li- 
brary disk. 


10.0 Additional SOT23-5 Tiny 
Devices 


National Semiconductor has additional parts available in the 
space saving SOT23 Tiny package, including amplifiers, 
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voltage references, and voltage regulators. These devices 
include— 


LMC7101 1 MHz gain-bandwidth rail-to-rail input and out- 


_ put amplifier—high input impedance and high 
~ gain, 700 pA typical current 2.7V, 3V, 5V and 
15V specifications. 


Tiny Video amp with 70 MHz gain bandwidth. 
Specified at 3V, 5V and + 5V supplies. 


Comparator in a tiny package with rail-to-rail in- 
put and push-pull output. Typical supply current 
of 7 pA. Typical propagation delay of 7 ws. Spec- 
ified at 2.7V, 5V and 15V supplies. 

Comparator with an open drain output for use in 
mixed voltage systems. Similar to the LMC7211, 
except the output can be used with a pull-up re- 
sistor to a voltage different than the supply volt- 
age. 

Micropower SOT 50 mA Ultra Low-Dropout Reg- 
ulator. : 


Precision micropower shunt voltage reference. 
Fixed voltages of 2.5000V, 4.096V, 5.000V, 
8.192V and 10.000V. 

Precision micropower shunt voltage reference 
1.225V and adjustable. 


Contact your National Semiconductor representative for the 
latest information. 


LM7131 


LMC7211 


LMC7221 


LP2980 


LM4040 


LM4041 





SOT-23-5 Tape and Reel Specification 
TAPE FORMAT 


Tape Section # Cavities | CavityStatus —_| Cover Tape Status 
Leader 
— 75 (min) 
| | s000 Filled 

Carrier 

| so Filed 
Trailer 126 (min) 
(Hubend) | o¢miny | empty | Sealed 


TAPE DIMENSIONS 


LLEZOW 


# 0.06140.002 TYP. 
[1.5540.05] 
0.157 TYP 


0.079£0.002 os ee aa 


[2+0.05] 


CAVITY 
SYMM 


Bo 
@ GAGE LINE 


R0.012 TYP 


2 0.04140.002 TYP. lee Typ a ALL INSIDE RADII 0.012 


[1.0440.05] DIRECTION OF FEED ——————> [0.3] 
GAGE LINE SECTION B-B 


A TYP , 
@ TANGENT POINTS CAVITY RO.012 TYP GAGE LINE 


SYMM [0.3] 
3° MAX TYP ALL INSIDE RADII 


Ao TYP : | 
AT GAGE LINE : 
SECTION A-A R 1.181 MIN. 


BEND RADIUS 
NOT TO SCALE 


TL/H/12352-15 


0.138 +0.002 | 0.055 +0.004| 0.157 | 0.315 +0.012 
(3.5 + 0.05) a a (8 = 


[Tapesize|DIMA|oIMAo|oIMB|DIMBo| bir | DIMKo |omer| DMW_| 
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SOT-23-5 Tape and Reel Specification (continuew | 
REEL DIMENSIONS 


TAPE SLOT © 


DETAIL X 
SCALE: 3X 


TL/H/12352-16 


7.00 | 0.059 0.795 0.331 + 0.059/—0.000 | 0.567 | W1+ 0.078/—0.039 
330.00| 1.50° 20.20 8.40 + 1.50/—0.00 a rr aes 1.00 





fewest a Les Pe 8s 
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AV national Semiconductor 


LMC7211 a 
Tiny CMOS Comparator with Rail-to-Rail Input 


General Description 


The LMC7211 is a micropower CMOS comparator available 
in the space saving SOT23-5 package. This makes the 
comparator ideal for space and weight critical designs. The 
LMC7211 is available in SO-8 surface mount packages and 
in conventional 8-pin DIP packages. The LMC7211 is sup- 
plied in two offset voltage grades, 5 mV and 15 mV. 


The main benefits of the Tiny package are most apparent in 
small portable electronic devices, such as mobile phones, 
pagers, notebook computers, personal digital assistants, 
and PCMCIA cards. The rail-to-rail input voltage makes the 
LMC7211 a good choice for sensor interfacing, such as light 
detector circuits, optical and magnetic sensors, and alarm 
and status circuits. 


The Tiny Comparator’s outside dimensions (length x width x 
height) of 3.05mm x 3.00mm x 1.43mm allow it to fit into 
tight spaces on PC boards. 


Connection Diagrams 


8-Pin DIP/SO-8 


nc Bc 
2 7 4 
INVERTING INPUT V 
NON-INVERTING _3 6 
INPUT 2 OUTPUT 
vv -NC 


TL/H/12337-1 
Top View 


8-Pin DIP LMC7211AIN 


8-Pin DIP | ume721i1sin | Nose =———ssLM72111N 


| 8-Pinso-8 LMG7211AIM 


MO8A 


Package Ordering . NSC Drawing Package 
9 Information Number Marking. 


| 


8-Pin SO-8 LMC7211BIM f MO8A — _ LM7211BIM 





Features . 

m@ Tiny SOT 23-5 package saves space 

™ Package is less than 1.43 mm thick 

m Guaranteed specs at 2.7V, 5V, 15V supplies 

m Typical supply current 7 wA-at 5V © 

m Response time of 4 ys at 5V 

@ LMC7211—push-pull output 

g Input common-mode range beyond V— and V+ 
@ Low input current «— : 


Applications 

m Battery Powered Products 

m Notebooks and PDAs 

m PCMCIA cards 

@ Mobile Communications 

m Alarm and Security circuits 

@ Direct Sensor Interface 

m Replaces amplifiers used as comparators with better 
performance and lower current. 


5-Pin SOT23-5 — 


“outpuT Saye 


NON-INVERTING 3 zs 4 


INPUT 
Top View 


INVERTING 
INPUT: 


TL/H/12337-2 


Transport Media 


LMC7211AIN 
LM7211AIM 


rails 


2.5k units tape and reel | 
2.5k units tape and reel 


3k units tape and reel 


3k units tape and reel 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


ESD Tolerance (Note 2) 2kV 
Differential Input Voltage (Voc) +0.3V to (—Vec) —0.3V 


Voltage at Input/Output Pin. (Vcc) + 0.3V to (— Vc) —0.3V 
16V 


Supply Voltage (V+ -V-) 

Current at Input Pin (Note 7) 

Current at Output Pin (Notes 3, 8) 
Current at Power Supply Pin, ; 
Lead Temperature (soldering, 10 sec) 
Storage Temperature Range 
Junction Temperature (Note 4) 


+5mA 

. £30mA 

40 mA 

260°C 

—65°C to + 150°C 
150°C 


2.7V Electrical Characteristics 


Unless otherwise specified, all limits guaranteed for Ty = 25°C, vt =2. 7V,V- = 


apply at the temperature extremes. 


Symbol Parameter Conditions 


- Supply Voltage — 


Operating Ratings (note 1) -. 
| - 27<Voo < 15V 
Junction Temperature Range 
LMC7211Al, LMC7211BI 


Thermal Resistance (0) 
N Package, 8-pin Molded DIP 
- SO-8 Package, 8-Pin Surface Mount, 
MOS5A Package, 5-Pin Surface Mount 


—40°C < Ty < +85°C 


~-112°C/W 
180°C/W 
325°C/W 


OV, Vom = Vo = V+/2. Boldface limits 


LMC7211BI 
Limit 
_ (Note 6) 


LMC7211Al — 
Limit 
(Note 6) 


TCVos © Input Offset Voltage — 0 he 
Temperature Drift — 
Input Offset Voltage (Note 10) BV! Month 
eae Drift 


| InputCurrent = Current 


pA 


Input Offset Current ae Aa Seer me pA 
Common Mode — OV < Vom s 2.7V 75 dB 
Rejection Ratio 

Power Supply - 2. ie <Vt < 15V dB. 
ae ae Ratio 


| VoltageGain Gain 


input Common-Mode 
Voltage Range 


CMRR > 55 dB 





a Voltage hed ‘load = 25mMA ~ 24 | (24... |. 
i 2.3 ft 2.3 


dB 


aa 





Supply Current - Vout = Low 
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12° 12 
14 _ 14 





5.0V and 15.0V Electrical Characteristics 3 Pe tee hs ; 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = -5.0V and 15V, V- = OV, Vou = Vo = Vt/2. 
Boldface limits apply at the temperature extremes. ne OS 


LL2ZOWT 


LMC7211Al : LMC7211Bl 
Parameter - ’ Conditions Limit Limit. - 
(Note 6) (Note 6) 


Vos input Offset Voltage 

TCVos Input Offset Voltage V+ = 5V 
_ Temperature Drift V+ = 15V 
Input Offset Voltage | Vt = 5V 
Average Drift vt = 15V 





Input Current A pA 
Input Offset Current pA 


Common Mode V+ = 5.0V ' dB 

Rejection Ration V+ = 15.0V dB 
Power Supply 5V< Vt < 10V dB 
Rejection Ratio 


Voltage Gain dB 


Input Common-Mode + = 5.0V Vv 
" Voltage Range CMRR > 55 dB 


V+ = 5.0V 
CMRR > 55 dB 


V+ = 15.0V 15.3 | 45.2 
CMRR > 55 dB 15.0 
. V+ = 15.0V 
ic ae 3 CMAR > 55 dB - 49 
Output Voltage High | V+ = 5V 4.6 460 
load = 5mA 4.45. 4.45 
V+ = 15V 14.8 414.6 146 7 
1 lead = 5mA | 14.45 14.45 | 
Output Voltage Low V+ =5V 0.40 040, |. 
Rinse cen . load = 5mMA 0.55 | 055 = =|. 
V+ = 15V ~ 0.40 0.40 
load = 5MA 0.55 0.55 


ShortCircuitCurent | Sourcing |g | 
Sinking Notes) | 45 | | 
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AC Electrical Characteristics a . 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = Vo:-= V+t/2. Boldface limits 
apply at the temperature extreme. : n a 


oy ; LMC7211Al LMC7211BI 
Parameter Conditions Limit Limit 


; ; (Note 6) (Note 6) 
Rise Time f = 10 kHz, Cl = 50 pF, 
hy Overdrive = 10 mV (Note 9) 
Fall Time | f= 10 kHz, Cl = 50 pF, 
Overdrive = 10 mV (cle 9). 


Propagation Delay f = 10 kHz, 
(High to Low) | -Cl = 50 pF 
(Note 11) ‘| (Note 9) 


V+ =2,7V, 
f = 10 kHz, 

Cl = 50 pF 

‘(Note 9) 


Propagation Delay f = 10 kHz, 
(Low to High) ' | Cl= 50p 
(Note 11) (Note 9) 


V+. = 2.7V, 
f = 10 kHz, 
‘Cl = 50 pF 
(Note 9) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kf. in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of Tymax) Oya. and Ta. The maximum allowable power dissipation at any ambient temperature is , 
Pp = (Tymax) ~ Ta)/@ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage rating. 
Note 8: Do not short circuit output to V+, when V+ is greater than 12V or reliability will be adversely affected. 

Note 9: C;, includes the probe and jig capacitance. 


Note 10: Input offset voltage average drift is calculated by dividing the accelerated operating life Vos drift by the equivalent operational time. This represents worst 
case input conditions and includes the first 30 days of drift. 


Note 11: Input step voltage for propagation delay measurement is 2V. 
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Typical Performance Characteristics single supply T, = 25°C unless specified 


LECZOWT 


Supply Current vs Supply Current vs Supply Current vs. 
Supply Voltage Temperature while Sourcing Temperature while Sinking 


LLL ATLL | Jros tweut = ov 
HEGRE ial NEG INPUT = 0.1V 
EREE 





weg 

roe er 

LL UT Arr soec || | 
Cc 


Supply Current (A) 
Supply Current (4A) 
Supply Current (yA) 


a: 

eer TT 
AIC 

PTT TTT 

LET TTT TTT | 


5 5 5 
55-35-15 5 25 45 65 65 105 55-35-15 5°25 45 65 85 105 
01235-45678 9101112131415 745-25 -5 15 35 55 75 95 745-25 -5 15 35 55 75 95 


Supply Voltage (V) Case Temperature (°C) Case Temperature (°C) 











Output Sourcing Current vs Output Sinking Current vs Output Sourcing Current vs 
Supply Voltage Supply Voltage _ Output Voltage @ 5V 


Pe tt TPs INPUT = 0.1V. (TTT Pos Input = ov 
Le 2 eB a 
ttt} FT NEG INPUT = OV aia at ue INPUT = 0.1¥. 
fo oes 


f i ft ft 
OA 


HH NNUULERUUIIMUNIAOOWO . 


Output Current (mA) 
OVOUIOMVOUOUOUOMUOUOUOUD 
Output Current (mA) 

WR RUNUMA~INODDWO 
OQUOMOMOUBUOMOUOUOMUOWO 
Output Voltage (mV) 


ATT aii 
Wf 888¢ 
ao 








45 67 8 9 101112 ‘234567 89101112 234567 8 9 10 
Supply Voltage (V) Supply Voltage (V) Output Current (mA) 


Output Sinking Current vs Output Sourcing Current Vs Output Sinking Current vs 
Output Voltage @ 5V Output Voltage @ 15V. _ Output Voltage @ 15V 


PCH 
SO ee 
—T 


Output Voltage (mV) 
Output Voltage (mV) 
Output Voltage (mV) 


Bs 
a 


234 5 6 7 8 9 10 : 5 6 7 8&8 9 10 


Output Current (mA) Output Current (mA) : Output Current (mA) 


Response Time for Various Response Time for Various 


Input Overdrives —tp_y Input Overdrives — tpy. 
aeeee pe he 
input Gvordrive= 100 mv |_| eerie] TT 
i rian 
to oa 


Output Voltage 
Vo (Vv) 
Output Voltage 
Vo (V) 











Input Voltage 
Input Voltage 
Vin (¥) 


Time (ys) Time (ps) 
Input Overdrive Referenced to Vo¢ Input Overdrive Referenced to Voc 


TL/H/12337-3 





6-41 


LMC7211 


Typical Performance Characteristics single supply, Ta = 25°C unless specified (Continued) 


Response Time for Various Response Time for Various Response Time for Various 
Input Overdrives —tpiy Input Overdrives —tpy. Input Overdrives —tp_y 


[input Overdrive= 100m] _Vs=5¥ 
*tEATY ANTI 
PAA AT 
TALE NL 


Output Voltage 
Output Voltage 
Vo (V) 
Output Voltage 





Vin (VY) 





Input Voltage — 
Vin (Y) 
Input Voltage 

input Voltage 


12 16 


Time (ys) Time (ys) ' Time (ss) 
Input Overdrive Referenced to Vo. Input Overdrive Referenced to Voc Input Overdrive Referenced to Vo> 


‘Response Time for Various Input Bias Current vs Input Bias Current vs 
Input Overdrives —tpy. Common Mode Voltage Common Mode Voltage 


iat Sarg = FON] We= 5 
SEEN Th 


Output Voitage 


Input Bias Current (fA) 


=> 
< 
s 
= 
~ 
c 
° 
2 
= 
3 
Oo 
° 
x] 
a 
~ 
3 
a 
i 








Input Voltage 


: 
1 


Nn 


00 
24 4h 8 sg 2 a ot4og 005115 225335 4455 


Time (us) Common Mode Voltage (V) Common Mode Voltage (V) 


Input Overdrive Referenced to Voc 


Input Bias Current vs Input Bias Current vs 
Common Mode Voltage , Temperature 
350 500 


oe A 
ie ao 











Input Bias Current (fa) 
Input Bias Current (fA) 


Ol Gl 
4 ea DO ee 
01234567 8 910112131415 ~ 65 75 








Common Mode Voltage (V) | Case Temperature (°C) 
TL/H/12337-4 
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Application Information 


1.0 Benefits of the LMC7211 Tiny | 


Comparator 


Size. The small footprint of the SOT 23-5 packaged Tiny 
Comparator, (0.120 x 0.118 inches, 3.05 x 3.00 mm) saves 
space on printed circuit boards, and enable the design of 
smaller electronic products. Because they are easier to car- 
ry, many customers prefer smaller and lighter products. 


Height. The height (0.056 inches, 1.43 mm) of the Tiny 
Comparator makes it possible to use it in PCMCIA type III 
cards. 


Simplified Board Layout. The Tiny Comparator can simpli- 
fy board layout in several ways. First, by placing a compara- 
tor where comparators are needed, instead of routing sig- 
nals to a dual or quad device, long pc traces may be avoid- 
ed. 


By using multiple Tiny Comparators. instead of duals or 
quads, complex signal routing and possibly crosstalk can be 
reduced. 


DIPs available for prototyping. LMC7211 comparators 
packaged in conventional 8-pin dip packages can be used 
for prototyping and evaluation without the need to use sur- 
face mounting in early project stages. 

Low Supply Current. The typical 7 nA supply current of the 
LMC7211 extends battery life in portable applications, and 
may allow the reduction of the size of batteries in some 
applications. 


Wide Voltage Range. The LMC7211 is characterized at 
15V, 5V and 2.7V. Performance data is provided at these 
popular voltages. This wide voltage range makes the 


LMC7211 a good choice for devices where the voltage may 
vary over the life of the batteries... 


Digital Outputs Representing Signal Level. Comparators 
provide a high or low digital output depending on the voltage 
levels of the (+) and (—) inputs. This makes comparators 
useful for interfacing analog signals to microprocessors and 
other digital circuits. The LMC7211 can be thought of as a 
one-bit a/d converter. 


Push-Pull Output. The push-pull output of the LMC7211 is 
capable of both sourcing and sinking milliamp level currents 
even at a 2.7 volt supply. This can allow the LMC7211 to 
drive multiple logic gates. 


Driving LEDs (Light Emitting Diodes). With a 5 volt power 
supply, the LMC7211’s output sinking current can drive 
small, high efficiency LEDs for indicator and test point cir- 
cuits. The small size of the Tiny package makes it easy to 
find space to add this feature to even compact designs. 


Input range to Beyond Rail to Rail. The input common 
mode range of the LMC7211 is slightly larger than the actu- 
al power supply range. This wide input range means that the 
comparator can be used to sense signals close to the pow- 
er supply rails. This wide input range can make design easi- 
er by eliminating voltage dividers, amplifiers, and other front 
end circuits previously used to match signals to the limited 
input range of earlier comparators. This is useful to power 
supply monitoring circuits which need to sense their own 
power supply, and compare it to a reference voltage which 
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is close to the power supply voltage. The wide input range 
can also be useful for sensing the voltage drop across a 
current sense resistor for battery chargers. 


Zero Crossing Detector. Since the LMC7211’s common 
mode input range extends below ground even when pow- 
ered by a single positive supply, it can be used with large 
input resistors as a zero crossing detector. 


Low Input Currents and High Input Impedance. These 
characteristics allow the LMC7211 to be used to sense high 
impedance signals from sensors. They also make it possible 
to use the LMC7211 in timing circuits built with large value 
resistors. This can reduce the power dissipation of timing 
circuits. For very long timing circuits, using high value resis- 
tors can reduce the size and cost of large value capacitors 
for the same R-C time constant. 


Direct Sensor Interfacing. The wide input voltage range 
and high impedance of the LMC7211 may make it possible 
to directly interface to a sensor without the use of amplifiers 
or bias circuits. In circuits with sensors which can produce 
outputs in the tens to hundreds of millivolts, the LMC7211 
can compare the sensor signal with an appropriately small 
reference voltage. This may be done close to ground or the 
positive supply rail. Direct sensor interfacing may eliminate 
the need for an amplifier for the sensor signal. Eliminating 
the amplifier can save cost, space, and design time. 


2.0 Low Voltage Operation 


Comparators are the common devices by which analog sig- 
nals interface with digital circuits. The LMC7211 has been 
designed to operate at supply voltages of 2.7V without sac- 
rificing performance to meet the demands of 3V digital sys- 
tems. 

At supply voltages of 2.7V, the common-mode voltage 
range extends 200 mV (guaranteed) below the negative 
supply. This feature, in addition to the comparator being 
able to sense signals near the positive rail, is extremely use- 
ful in low voltage applications. 


Sar Peal 


[i 
| 





TL/H/12337-5 

FIGURE 1. Even at Low-Supply Voltage of 2.7V, an Input 

Signal which Exceeds the Supply Voltages Produces No 
Phase Inversion at the Output 


At V+ = 2.7V propagation delays are tp_y = 4 us and 


tpH_L = 4 ps with overdrives of 100 mV. 
Please refer to the performance curves for more extensive 
characterization. 





LECZOWT 





LMC7211 


Application Information (continued) 
3.0 Shoot-Through Current 


The shoot-through current is defined as the current surge, 
above the quiescent supply current, between the positive 
and negative supplies of a device. The current surge occurs 
when the output of the device switches states. The shoot- 
through current results in glitches in the supply voltages. 
Usually, glitches in the supply lines are prevented by bypass 
capacitors. When the glitches are minimal, the value of me 
ee Saal can be reduced. ‘ 


TL/H/12337-6 
‘FIGURE 2. Circuit for Measurement of the 
Shoot-Through Current 





| | Viobav | $= deoue | 1 | 


TL/H/12337-7 
FIGURE 3. Measurement of the Shoot-Through Current 


From Figure 3, the shoot-through current for the LMC7211 
can be calculated to be 0.2 mA (typical), and the duration is 
1 ws. The values needed for the bynass capacitors can be 
calculated as follows: 


Ishoot-Through 
a a Supply Lines 
fp BA 


TL/H/12337-8 





Area of A = 1% (1 ps X 200 pA) 
= 100 pC 
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The capacitor needs to supply 100 picocolumb. To avoid 
large shifts in the comparator threshold due to changes in 
the voltage level, the voltage drop at the bypass capacitor 
should be limited to 100 mV or less. 


The charge needed (100 picocolumb) and the ligwable 
voltage drop (100 mV) will give us the minimum capacitor 
value required. 


AQ = C(AV) 
C = AQ/AV = 100 picocolumb/100 mV 
C = 10-10/10-1 = 10-9 = 1 nF = 0,001 pF 
10-°9 = 1 nF = 0.001 pF 


The voltage drop of ~ 100 mV will cause a threshold shift in 
the comparator. This threshold shift will be reduced by the 
power supply rejection ratio, (PSRR). The PSRR which is 
applicable here is not the DC value of PSRR (~ 80 dB), but 
a transient PSRR which will be usually about 20 dB-40 dB, 
depending on the circuit and the speed of the transient. This 
will result in an effective threshold shift of about 1 mV to 
10 mV. 


For precision and level sensing circuits, it is generally a 
good goal to reduce the voltage delta on the power supply 
to a value equal to or less than the hysteresis of the com- 
parator circuit. If the above circuit was to be used with 
50 mV of hysteresis, it would be reasonable to increase the 
bypass capacitor to 0.01 uF to reduce the voltage delta to 
10 mV. Larger values may be useful for obtaining more ac- 
curate and consistent switching. 


Note that the switching current of. the comparator can 
spread to other parts of the board as noise. The bypass 
capacitor reduces this noise. For low noise systems this 
may be reason to make the capacitor larger. 


For non-precision circuits, such as using a comparator to 
determine if a push-button switch is on or off, it is often 
cheaper and easier to use a larger value of hysteresis and a 
small value or bypass capacitance. The low shoot-through 
current of the LMC7211. can allow the use of smaller and 
less expensive bypass capacitors in non-critical circuits. — 


4.0 Output Short Circuit Current 


The LMC7211 has short circuit protection of 40 mA. Howev- 
er, it is not designed to withstand continuous short circuits, 
transient voltage or current spikes, or shorts to any voltage 
beyond the supplies. A resistor in series with the output 
should reduce the effect of shorts. For outputs which send 
signals off PC boards additional protection devices, such as 
diodes to the supply rails, and varistors may be used. 


5.0 Hysteresis 


If the input signal is very slow or very noisy, the comparator 
output might trip several times as the input signal passes 
through the threshold. Using positive feedback to add hys- 
teresis to the switching can reduce or eliminate this prob- 
lem. The positive feedback can be added by a high value 
resistor (Re). This will result in two switching thresholds, one 
for increasing signals and one for decreasing signals. A ca- 
pacitor can be added across Rr to increase the switching 
speed and provide more short term hysteresis. This can re- 
sult in greater noise immunity for the circuit. 


See Figures 4, 5 and 6. 





Application Information (continued) 

Note that very heavy loading of the comparator output, such 
as LED drive or bipolar logic gates, will change the output 
voltage and shift the voltage thresholds. 





TL/H/12337-9 
Re > Ry and 
Re > Ro 
FIGURE 4. Positive Feedback for Hysteresis 


Without Positive Feedback 
(No Hysteresis) 


ve — 


Vout 


GROUND —— 
Inputs 
Equal 


VIN 
: TL/H/12337-10 
FIGURE 5 


With Positive Feedback 
(Hysteresis or Memory) 


Vout 


GROUND — 
Cy): 


| 
Inputs 
V; LOW: Equal VV; HIGH 


VIN 


TL/H/12337-11 
FIGURE 6 
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6.0 Input Protection 


If input signals are like to exceed the common mode range 
of the LMC7211, or it is likely that signals may be present 
when power is off, damage to the LMC7211 may occur. 
Large value (100 kN to MN) input resistors may reduce the 
likelihood of damage by limiting the input currents. Since the 
LMC7211 has very low input leakage currents, the effect on 
accuracy will be small. Additional protection may require the 
use of diodes, as shown in Figure 7. Note that diode leak- 
age current may affect accuracy during normal operation. 
The R-C time constant of Rij and the diode capacitance 
may also slow response time. 


vr 





TL/H/12837-12 
FIGURE 7 


7.0 Layout Considerations 


The LMC7211 is not an especially fast comparator, so high 
speed design practices are not required. The LMC7211 is 
capable of operating with very high impedance inputs, so 
precautions should be taken to reduce noise pickup with 
high impedance (~ 100 k. and greater) designs and in 
electrically noisy environments. 


Keeping high value resistors close to the LMC7211 and min- 
imizing the size of the input nodes is a good practice. With 
multilayer designs, try to avoid long loops which could act 
as inductors (coils). Sensors which are not close to the 
comparator may need twisted pair or shielded connections 
to reduce noise. : 


8.0 Open Drain Output, Dual 


Versions 


The LMC7221 is a comparator similar to the LMC7211, but 
with an open drain output which allows the output voltage to 
be different (higher or lower) than the supply voltage. The 
open drain output is like the open collector output of a logic 
gate. This makes the LMC7221 very useful for mixed volt- 
age systems. Many systems will have different voltages for 
the analog and microprocessor sections. Please see the 
LMC7221 datasheet for details. 


The performance of the LMC7211 is available in dual devic- 
es. Please see the LMC6762 datasheet for details on a dual 
push-pull output device. For a dual device with open drain 
outputs, please see the LMC6772 datasheet. 


LLCZOWT 





LMC7211 


Application Information (continued) 


Ralil-to-Rail Input Low Power Comparatore— , 
_ Push-Pull Output 


nein Tiny, SOT23-5, DIP sligle 
LMC6762 S0-8,DIP_ ~ Dual 
. Open Drain Output | ’ net 
LMC7221 ‘Tiny, SOT23-5, DIP Single 
LMC6772 ,- » §0-8, DIP Dual 


9.0 Additional SOT23-5 Tiny . 


Devices 

National Semiconductor has additional parts available in the 
space saving SOT23 Tiny package, including amplifiers, 
voltage references, and mene regulators. These devices 
include— 


REEL DIMENSIONS 











Tapesize]| aA | 8 | c | oo] nN] ow 


7.00 | 0.059 0.795 0.331 + 0.059/—0.000 | 0.567 | W1+ 0.078/—0.039 
330.00 | 1.50 20.20 8.40 + 1.50/—0.00 ee al 1.00 
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LMC7101 -1 MHz gain- spandoiaii rail-to- rai input and out- 
_-». «put amplifier—high input impedance and. high 
gain 700 A typical current 2.7V, 3V, 5V and15V 
specifications. 
Low power 50 kHz gain-bandwidth rail-to-rail in- 
put and output amplifier with 25 A typical cur- 
rent specified at 2.7V, 3.0V, 3.3V, 5V and 10V. 
Tiny Video amp with 70 MHz gain bandwidth 3V, 
5V and +5V specifications. 
Micropower SOT 50 mA Ultra Pe ronOHe Reg- 
ulator. 
Precision micropower shunt lade reference. 
Fixed voltages of 2.500V, 4.096V, 5.000V, 
8.192V and 10.000V. 


Precision micropower shut voltage reference 
1.225V and adjustable. 


Contact your National Semiconductor representative for the 
latest information. 


LMC7111 


LM7131 
LP2980 


LM4040 


LM4041_ 


10.0 Spice Macromodel 

A Spice Macromodel is available for the LMC7211 compara- 
tor on the National Semiconductor Amplifier Macromodel 
disk, Contact your National Semiconductor’ representative 


to obtain the latest version. 
- ie 


TAPE SLOT 


DETAIL X 
SCALE: 3X — 


+4 


Ws 
Wo 


TL/H/12337-13 





SOT-23-5 Tape and Reel Specification 
TAPE FORMAT 


|__TapeSection | _#Cavities | _CavityStatus | CoverTapeStatus | 
Leader 
speci 
Carin | 3000 | ited =~ | Sealed 
| | 0 | les | Sealed 

Trailer = |__t25 (mit) | Empty | Seated 
sade 


TAPE DIMENSIONS 


LL2ZOWT 


 0.06140.002 TYP. 
[1.55+0.05] 
0.157 TYP. 


0.079£0.002 Jae amo ae 7 ea 


(2+0.05] 


CAVITY 
SYMM 


: Bo , 
- TANGENT - ' @ GAGE LINE 
POINTS ore 


R0.012 TYP 
[0.3] 


8 0.04140.002 TYP s |r TrP->| ALL INSIDE RADII 
[1.044005] DIRECTION OF FEED ——————»> 


' 
1‘ 
' 
Cot 1 0.012 
[0.3] 
GAGE LINE SECTION B-B 





A TYP 
@ TANGENT POINTS | CAVITY R0.012 TYP GAGE LINE 
MM 
3° MAX TYP a [0.3] 


Ao TYP : 
AT GAGE LINE 
SECTION A-A R 1.181 MIN, 


BEND RADIUS 
NOT TO SCALE 


TL/H/12337-14 


0.138 + 0.002 | 0.055 + 0.004] 0.157 | 0.315 +0.012 
(3.5 + 0.05) | (1.440.411) | (4) (8 + 0.3) 





[Tepe size|DIMA|DIMAo|DIMB|oIMBo| DIF | DIMKo | DiMp1| __DIMW 
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LMC6482 


AD ational Semiconductor 


LMC6482 CMOS Dual 


Rail-To-Rail Input and Output Operational Amplifier 


General Description 


The LMC6482 provides a common-mode range that ex- 
tends to both supply rails. This rail-to-rail performance com- 
bined with excellent accuracy, due to a high CMRR, makes 
it unique among rail-to-rail input amplifiers. 

Itis ideal for systems, such as data acquisition, that require 
a large input signal range. The LMC6482 is also an excel- 
lent upgrade for circuits using limited common-mode range 
amplifiers such as the TLC272 and TLC277. 


Maximum dynamic signal range is assured in low voltage 


and single supply systems by the LMC6482’s rail-to-rail out- - 


put swing. The LMC6482’s rail-to-rail output swing is guar- 
anteed for loads down to 6000. 


Guaranteed low. voltage characteristics and low power dissi- 


pation make the EMceste Seneciay well-suited for battery- . 


operated systems. 


See the LMC6484 data sheet for a Quad CMOS operational 
amplifier with these same features. 


Featur @S (Typical unless otherwise noted) 

@ Rail-to-Rail Input Common-Mode Voltage Range 
(Guaranteed Over Temperature) 

m Rail-to-Rail Output Swing (within 20 mV of supply rail, 
100 kQ load) 

@ Guaranteed 3V, 5V and 15V Performance 

mw Excellent CMRR and PSRR 

mg Ultra Low Input Current 

m@ High Voltage Gain (RL = 500 kN) 

m Specified for 2 kN and 6002 loads 


82 dB 
20 fA 
130 dB 


Applications 

g Data Acquisition Systems 

@ Transducer Amplifiers 

m@ Hand-held Analytic Instruments 

m= Medical Instrumentation 

@ Active Filter, Peak Detector, Sample and Hold, pH 
Meter, Current Source 

m= Improved Replacement for TLC272, TLC277 


3V Single Supply Buffer Circuit 


Rall to-Fail Input 


TL/H/11713-1 


Connection Diagram 


OUTPUT A 


INVERTING INPUT A OUTPUT B 


NON-INVERTING _3 INVERTING 
INPUT A INPUT B 
NON~INVERTING 
¥ INPUT B 


TL/H/11713~4 





Rail-To-Rail ell 


TL/H/11713-2 . TL/H/11713-3 


Ordering Information | 


8-Pin LMC6482MN LMC6482AIN 
Molded DIP LMC6482iN 
8-pin LMC6482AIM MosA Rail 
Small Outline LMC6482IM Tape and Reel 


| __TemperatureRange Range 


Military 
—55°C to + 125°C 


Transport 
Media 


NSC 


Industrial Drawing 


—40°C to + 85°C 


8-pin LMC6482AMJ/883 
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Absolute Maximum Ratings (note 1) Operating Ratings (note 1) 


If Military/Aerospace specified devices are required, Supply Voltage ' 3.0Vs V+ < 15.5V 
please contact the National Semiconductor Sales Junction Temperature Range aie 
Oftice/Distributors for avallability and specifications. LMC6482AM —56°C < Ty s +125°C 
ESD Tolerance (Note 2) 1.5 kV LMC6482Al, LMC6482I —-40°C < Ty <. +85°C 
Differential Input Voltage ' +Supply Voltage Thermal Resistance (6) 
Voltage at Input/Output Pin (V+) +0.3V, (V-) —0.3V N Package, 8-Pin Molded DIP 90°C/W 
Supply Voltage (V+ — V-) 16V M Package, 8-Pin Surface Mount. 155°C/W 


Current at Input Pin (Note 12) +5mA 
Current at Output Pin (Notes 3, 8) +30 mA 
Current at Power Supply Pin 40mA 
Lead Temperature (Soldering, 10 sec.) 260°C 
Storage Temperature Range —-65°C to + 150°C 
Junction Temperature (Note 4) 150°C 


DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, Vt = 5V, V- = OV, Voy = Vo = Vt/2 and Ri > 1M. 
Boldface limits apply at the temperature extremes. 


Typ LMC6482AI | LMC6482! | LMC6482M 
Symbol Parameter Conditions (Note 5) Limit Limit Limit 
, (Note 6) | (Note6) | (Note 6) 
Input Offset Voltage 0.750 
1.35 
TCVos_{ Input Offset Voltage 
Average Drift 
Te] Input Current (Note 13) 
Common-Mode 
eee Capacitance 


Rin |input Resistance Resistance 


CMRR_ | Common Mode OV < Vom < 15.0V 
Rejection Ratio V+ = 15V 


OV < Vom < 5.0V 
V+ = 5V 
+ PSRR | Positive Power Supply nf s Vt < 15V,V~- =0V 
Rejection Ratio = 2.5V ie 
—PSRR | Negative Power Supply | —5V < V—- < —15V,V+ = 0V 
Rejection Ratio Vo = —2.5V 


InputCommon-Mode |V+ = 5Vand 15V 
Voltage Range For CMRR 2 50 dB 
V+ + 0.8V| Vt + 0.25) V+ + 0.25] Vt + 0.25 
vt vt vt 
Large Signal Ru = 2k a 120 120 be We 
Voltage Gain (Notes 7, 13) 72 60 
V/mvV 
min 
R_ = 60002 Sourcing 80 V/mvV 
(Notes 7, 13) 48 min 
15 V/mvV 
8 min 
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LMC6482 


DC Electrical Characteristics (Continued) A yea 
Unless otherwise specified, all limits guaranteed for Ty) = 25°C, V+ = 5V, V- = OV, Voy = Vo = Vt/2 and Rr > 1M. 
Boldface limits apply at the temperature extremes. sO . 


| 2 LMC6482Al | LMC64821 | LMC6482M 
Parameter Conditions Limit Limit Limit 


(Note 6) (Note 6) (Note 6) 


Output Swing Vt=5V- 4.9 4.8 4.8 4, 
RL = 2kQtoVt/2 4.7 4.7. : 
5 5.3 
5 5 


0.18 5 

0.24 . 
4 
4.24 


0.65 


V+ = 5V 4.7 4 
R_ = 6009 to V+/2 see 


0.3 0 


V+ = 15V 
RL = 2kQ toV+/2 


hV+ = 15V 
Ri, = 6009 to V+ /2 


Output Short Circuit | Sourcing, Vo = OV 
Current - 


V+ = 5V Sinking, Vo = 5V 


Output Short Circuit | Sourcing, Vo = OV 
Current _ 
Vt = 15V Sinking, Vo = 12V 
| (Note 8) 
Supply Current Both Amplifiers 
Vt = +5V,Vo = Vt/2 


Both Amplifiers 
V+ = 15V, Vo = Vt/2 
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AC Electrical Characteristics | sf 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, Vt = 5V, V—- = OV, Voy = Vo = Vt/2, and RL > 1M. 
Boldface limits apply at the temperature extremes. 


LMC6482AlI | LMC6482I | LMC6482M 
Parameter Limit Limit Limit 
(Note 6) (Note 6) (Note 6) 
Slew Rate (Note 9) 1.3 1.0 0.9 
0.7 0.54 


0.9 

0.63 
Gain-Bandwidth Product | V+ = 15V oe ae Fae 
Phase Margin ee dl 


28P9OW1 


Amp-to-Amp Isolation (Note 10) 


1 
Input-Referred F = 1 kHz 
Voltage Noise Vem = 1V 
Input-Referred F = 1 kHz 0 
Current Noise 
Total Harmonic Distortion | F = 10 kHz, Ay = —2 


R_ = 10k, Vo = 4.1 Vpp 


F = 10 kHz, Ay = —2 
Rt = 10 kQ, Vo = 8.5 Vpp 
V+ = 10V 


5 
50 
15 
50 
37 
.03 
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LMC6482 


DC Electrical Characteristics | . ; 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 3V, V- = OV, Vom = Vo = V+/2 and Ry > 1M.. 


Typ 
Conditions (Note 5) 







‘LMcC6482I | LMC6482M | 
Limit Limit 
(Note 6) | (Note 6) 


LMC6482Al 
Limit 
(Note 6) 










Symbol . Parameter 





TCVos_ | Input Offset Voltage Pt 


Average Drift 
Ip Input Bias Current 
los Input Offset Current 


CMRR Common Mode OV < Vom < 3V 74 64 dB 
Rejection Ratio , min 

PSRR_ | Power Supply 3V < V+ < 15V,V- =0V dB 
Rejection Ratio ‘min 

Vom Input Common-Mode | For CMRR = 50 dB V- -—0.25 Vv 
Voltage Range max 


RL = 2k toV+/2 eae ees ee Ee 
| ES are (I, ESE EI FC’ 


Ry = 6002 toV+/2 2.7 V 
min 

0.37 Vv 
max 
Is Supply Current Both Amplifiers 1.2 mA 
1.5 max 


AC Electrical Characteristics 
Unless otherwise specified, V+ = 3V, V— = OV, Voy = Vo = V*/2, and Ry > 1M. 


Typ LMC6482AI | LMC6482I | LMC6482M 
Parameter (Note 5) Limit Limit Limit 
(Note 6) (Note 6) (Note 6) 





Vo 


Gain-BandwidthProduct | = sd 


Total Harmonic Distortion | F = 10 kHz, Ay = —2 
Ru = 10k, Vo = 2 Vpp 


Note 1: Absolute Maximum Ratings indicate limts beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kf. in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a Class 1 device rating. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 





Note 4: The maximum power dissipation is a function of Tymaxy, 9ya., and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 
(Tymax) — Ta)/6ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most fikely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Voy = 7.5V and R_, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 3.5V < Vo < 7.5V. 

Note 8: Do not short circuit output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 9: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 
Note 10: Input referred, Vt = 15V and R_ = 100 kf connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo = 12 Vpp. 

Note 11: Connected as voltage Follower with 2V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 12: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 

Note 13: Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 

Note 14: For guaranteed Military Temperature parameters see RETS6482X. 
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Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified 


287901 


Supply Current vs Input Current vs Sourcing Current vs 
Supply Voltage Temperature Output Voltage 












































INPUT CURRENT (pA) 
| Source (mA) 








SUPPLY CURRENT (mA) 














8 10 12 14 
SUPPLY VOLTAGE (¥) TEMPERATURE (°C) Output Voltage Referenced to Vs (V) 


Sourcing Current vs | Sourcing Current vs Sinking Current vs 
Output Voltage Output Voltage 




















| Source (mA) 
| Source (mA) 
1 Sink (mA) 





0.001 0.01 ‘ “0.001 0.01. 
Output Voltage Referenced to Vs (V) Output Voltage Referenced to Vs (V) Output Voltage Referenced to GND (V) 


Sinking Current vs Sinking Current vs Output Voltage Swing vs 
Output Voltage Output Voltage Supply Voltage 




















1 Sink (mA) 
1 Sink (mA) 
OUTPUT SWING FROM SUPPLY VOLTAGE (mV) 





0.001 ° 0.01 0.1 
Output Voltage Referenced to GND (V) Output Voltage Referenced to GND (V) SUPPLY VOLTAGE (V) 


Input Voltage Noise Input Voltage Noise 
vs Frequency vs Input Voltage 





VOLTAGE NOISE (nV/V Hz) 
VOLTAGE NOISE (nV/V Hz) 


01234567 8 910111213141516 
FREQUENCY (Hz) COMMON MODE INPUT VOLTAGE (¥) 
TL/H/11713-5 
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LMC6482 


Typical Pedfoniiance Characteristics 3 
Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Input Voitage Noise Input Voltage Nolse Crosstalk Rejection 
vs Input Voltage vs Input Voltage vs Frequency . 


TM vs sell 
SL ll 
Ut 
TPE 
Hi | 


VOLTAGE NOISE (n¥V/VHz) 
VOLTAGE NOISE (nV/V Hz) 
REJECTION (dB) 


152 
COMMON MODE INPUT VOLTAGE (V) COMMON MODE INPUT VOLTAGE (V) . _ FREQUENCY (kHz) 


- Crosstalk Rejection Positive PSRR Negative PSRR « 
vs Frequency. vs Frequency: vs Frequency 


REJECTION (dB) 
PSRR (dB) 


FREQUENCY. (kHz) . , FREQUENCY (Hz) . FREQUENCY (Hz) 


CMRR vs CMRRvs . CMRR vs 
Frequency: Input Voltage . .- Input Voitage : 
CO CTT [1s = 2750 
CTT TT ; San eansT, 
ne am Or 


CMRR (dB) 
~ CMRR (dB) 
CMRR (dB) 





77.5 -6.0 -4.5 -3.0-1.5 0.0 1.5 3.0 4.5 6.0 7.5 2.5 -2.0 =1.5 -1.0-0.5 0.00.5 1.0 1.5 2.0 2.5 
» FREQUENCY (Hz) INPUT VOLTAGE (V) INPUT VOLTAGE (V) 




















CMRR vs ah os AVos ” AVos 
: Input Voltage - Me 


CMRR (dB) 
CHANGE IN Vos (mV) 
CHANGE IN Vos (mV) 


91.5 -1.2 -0.9 -0.6 -0.3 0.0 0.3 0.6 0.9 1.2 1.5 “+ 2 -15 -1-05 0 05 15 2 
INPUT VOLTAGE (V). -- Vy (Y) 
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Typical Performance Characteristics 
+15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Vs = 


GAIN (dB) _ GAIN (dB) INPUT VOLTAGE (4¥) 


OUTPUT IMPEDANCE (9) 


Input Voltage vs 
’ Output Voltage 





oes at) ae ST sel ae ees el 
“8 -6 -4 -2 0 2 4 6 8 
OUTPUT VOLTAGE (¥) 


Open Loop: 
Frequency Responce 


aso TTT 1d 
aN oe 
Sieh 


PH ttoN 







0 
0.1 1 10 100 1k 10k 100k 1M 10M 


FREQUENCY (Hz) 


- Gain and Phase vs 
Capacitive Load 


me eT Wg = 10 


(—=_ R, = Sook] 90 
30 - SS 


aU TS we ds 


10 
. Cts NU 
“10 Sa NANA SU 


Ta = oT 


eri | C, = 500 pF 


ea II 
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PLT PPT PANTIE 
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10k 100k 1M 10M 
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Open Loop Output 
seal vs Frequency 















































0 
O01 - 1 » 10- 100 


1000 10000 
FREQUENCY (kHz) 


PHASE (°) 


GAIN (48) GAIN (48) INPUT VOLTAGE (,:¥) 


SLEW RATE (V/ Sec) 


Input Voltage vs 
Output Voltage 





WO poe oe 
FP ad Sa Ka FO DR 
ee ee a ee ee 


“3 -2 -1 0 1 2 3 
OUTPUT VOLTAGE (V) 


Open Loop Frequency 
Response vs Temperature 


tL =v] °° 
UTI TTR. = 2&8 
AU LAU 


[asec | | III 


CSSHIIT 1 25°c|| 
tc PL Tia TTT 5 
arm NSU 


‘in Wil 
TCHS eT 
CU =$52eP 


tk 10k 100k 1M 10M 
FREQUENCY (Hz) 


135 


90 




















Gain and Phase vs 
Capacitive Load 
50 


mt Conse T's = a, 
mi MSS i 











30 

i a = TM is 

“40 } G, = 500 pF ne WN Ill 
of = 1000pr TT ARMY NCTE 

UN Sell 
PAWN IIIT 5 

\ 

90 





10k 100k 1M 
FREQUENCY (Hz) 


‘Slew Rate vs 
Supply Voltage 





.00 
3945 67 8 9 10111213 1415 16 
SUPPLY VOLTAGE (V) 
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“45 


PHASE (°) 


PHASE (°) 


OUTPUT SWING (Vpp) GAIN (dB) 


OUTPUT IMPEDANCE (2) 


OUTPUT SIGNAL 





INPUT SIGNAL 


(1V/bIVv) 


- Open Loop 
Frequency Response 





10 100 tk 10k 100k 1M 10M 
“FREQUENCY (Hz) 


Maximum Output Swing 
vs Frequency 








FREQUENCY (kHz) 


Open Loop Output 
Impedance vs Frequency 


tthe V5 = 15V|I[/ 
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Non-Inverting Large 
Signal Pulse Response 
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R= 2ko Aime 
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LMC6482 


Typical performance Characteristics 


Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


INPUT SIGNAL 


OUTPUT SIGNAL 


OUTPUT SIGNAL 


INPUT SIGNAL 


OUTPUT SIGNAL 


INPUT SIGNAL 


(50 mV/d1v) 


INPUT SIGNAL _ 


(50 mV/DIV) - - 


_ OUTPUT SIGNAL 


(1V/DIv) 


(1v/olv) 


Non-inverting Large 
Signal Pulse Response 
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Non-Inverting Small 
Signa! Pulse Response 
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Inverting Large Signal 
Pulse Response .. 


Dizi 

Risa GRE 
ERAGE Nae 
PLATT tT NU 
pw Te | | [vee] Vo 


TIME (1448/DIV) 





. Inverting Small Signal 


_Pulse Response 
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Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 
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LMC6482 


Application Information 
1.0 Amplifier Topology 


The LMC6482 incorporates specially designed wide-compli- 
ance range current mirrors and the body effect to extend 
input common mode range to each supply rail. Complemen- 
tary paralleled differential input stages, like the type used in 


other CMOS and bipolar rail-to-rail input amplifiers, were not’ 


used because of their inherent accuracy problems due to 
CMRR, cross-over distortion, and open-loop gain variation. 
The LMC6482’s input stage design is complemented by an 
output stage capable of rail-to-rail output swing even when 
driving a large load. Rail-to-rail output swing is obtained by 
taking the output directly from the internal integrator instead 
of an output buffer stage. 


2.0 Input Common-Mode Voltage 
Range 

Unlike Bi-FET amplifier designs, the LMC6482 does not ex- 
hibit phase inversion when an input voltage exceeds the 
negative supply voltage. Figure 7 shows an input voltage 


exceeding both supplies with no resulting phase inversion 
on the output. 


av 


ov 





TL/H/11713-10 
FIGURE 1. An Input Voltage Signal Exceeds the 
LMC6482 Power Supply Voltages with 
No Output Phase Inversion 


The absolute maximum input voltage is 300 mV beyond ei- 
ther supply rail at room temperature. Voltages greatly ex- 
ceeding this absolute maximum rating, as in Figure 2, can 
cause excessive current to flow in or out of the input pins 
possibly affecting reliability. 
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Vin (£7.5V) 


Vout (1V/civ) i 





TL/H/11713-39 
_ FIGURE 2. A +7.5V Input Signal Greatly 
Exceeds the 3V Supply in Figure 3 Causing 
No Phase Inversion Due to R; 
Applications that exceed this rating must externally limit the 
maximum input current to +5 mA with an input resistor (Rj) 
as shown in Figure 3. 


<’ 


Ry=10ka 


Vout 

VIN 

—— TL/H/11713-11 
FIGURE 3. R, Input Current Protection for 
Voltages Exceeding the Supply Voltages 


3.0 Rail-To-Rail Output 


The approximated output resistance of the LMC6482 is 
1809 sourcing and 1300 sinking at Vs = 3V and 1100 
sourcing and 802 sinking at Vs = 5V. Using the calculated 
output resistance, maximum output voltage swing can be 
estimated as a function of load. 


4.0 Capacitive Load Tolerance 


The LMC6482 can typically directly drive a 100 pF load with 
Vs = 15V at unity gain without oscillating. The unity gain 
follower is the most sensitive configuration. Direct capaci- 
tive loading reduces the phase margin of op-amps. The 
combination of the op-amp’s output impedance and the ca- 
pacitive load induces phase lag. This results in either an 
underdamped pulse response or oscillation. 


Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 4. This simple tech- 
nique is useful for isolating the capacitive inputs of multi- 
plexers and A/D converters. 





TL/H/11713-17 


FIGURE 4. Resistive Isolation 
of a 330 pF Capacitive Load 


Application Information (continued) 


TLH/11719-18 
FIGURE 5. Pulse Response of 
the LMC6482 Circuit in Figure 4 


Improved frequency response is achieved by indirectly driv- 
ing capacitive loads, as shown in Figure 6. 


10k 


3000 


i Bea 


. TL/H/11713-15 
FIGURE 6. LMC6482 Noninverting Amplifier, 
Compensated to Handle a 330 pF Capacitive Load 


Ri and C1 serve to counteract the loss of phase margin by 
feeding forward the high frequency component of the output 
signal back to.the amplifiers inverting input, thereby preserv- 
ing phase margin in the overall feedback loop. The values of 
Ri and C1 are experimentally determined for the desired 
pulse response. The resulting pulse response can be seen 
in Figure 7. 


TL/H/11713-16 
FIGURE 7. Pulse Response of 
LMC6482 Circuit in Figure 6 
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5.0 Conmpangating for Input 
Capacitance 


It is quite common to use large. values of feedback resist- 
ance with amplifiers that have ultra-low input current, like 
the LMC6482. Large feedback resistors can react with small 
values of input capacitance due to transducers, photodi- 
odes, and circuits board parasitics to reduce phase margins. 


cf 


LMC6482 


1 
2 
+ 


TL/H/11713-19 
FIGURE 8. Canceling the Effect of Input Capacitance 


The effect of input capacitance can be compensated for by 
adding a feedback.capacitor. The feedback capacitor (as in 
pee 8), Cy, is first estimated by: 


1 1 
een erat eee eee 
27Ry Cin §=2rRo Ce 
or 


Ry Gis < Ro Ce 
which typically provides significant overcompensation. 


Printed circuit board stray capacitance may be larger or 
smaller than that of a bread-board, so the actual optimum 
value for Cs may be different. The values of Cs should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 
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Application Information (continued) 


6.0 Printed-Circuit-Board Layout © 
for High-Impedance Work an 


It is generally recognized that any circuit which must oper- 
rate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. When one wishes to take advan- 
tage of the ultra-low input current of the LMC6482, typically 
less than 20 fA, it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC board, even through it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 


To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LM6482’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 9. To have a significant effect, guard rings should be 
placed on both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10120, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 250 times degradation from 
the LMC6482’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 10119 would cause only 0.05 pA of leakage current. See 
Figures 10a, 10b, 10c for typical connections of guard rings 
for standard op-amp configurations. - 


ourz ‘| -IN2 iA +1N2 , 
loi lo) le) 


Guard Ring 
TL/H/11713-20 
FIGURE 9. Example of Guard Ring in P.C. Board Layout 
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Guard Ring ——p; = OUTPUT 


arr : TUH/11713-21 
(a) Inverting Amplifier 


= Guerd Ring pl LMC6482 


! 
J 
t i} 
t t 
INPUT 1 : 
band , . 
TL/H/11713-22 

(b) Non-Inverting Amplifier 


TL/H/11713-23 
(c) Follower 
FIGURE 10. Typical Connections of Guard Rings 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
on a PC board: Don't insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See Figure 
17. 


FEEDBACK 
CAPACITOR 


LLL 800d ALLL LLL LL 


: —= SOLDER CONNECTION 
TL/H/11713-24 


(Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) : 


FIGURE 11. Alr Wiring . 





Application Information (Continued) 
7.0 Offset Voltage Adjustment 


Offset voltage adjustment circuits are illustrated in Figure 12 
and 73. Large value resistances and potentiometers are 
used to reduce power consumption while providing typically 
+2.5 mV of adjustment range, referred to the input, for both 
configurations with Vg = +5V. 


V+ R4 


500 kn 
Vin 


-5V 


Vout R4 


Vn R3 


V- 
TL/H/11713-25 
FIGURE 12. Inverting Configuration 
Offset Voltage Adjustment 


TL/H/11713-26 
FIGURE 13. Non-Inverting Configuration 
Offset Voltage Adjustment 


1000 pF 


8.0 Upgrading Applications 


The LMC6484 quads and LMC6482 duals have industry 
standard pin outs to retrofit existing applications. System 
performance can be greatly increased by the LMC6482’s 
features. The key benefit of designing in the LMC6482 is 
increased linear signal range. Most op-amps have limited 
input common mode ranges. Signals that exceed this range 
generate a non-linear output response that persists long af- 
ter the input signal returns to the common mode range. 


Linear signal range is vital in applications such as filters 
where signal peaking can exceed input common mode 
ranges resulting in output phase inverison or severe distor- 
tion. 


9.0 Data Acquisition Systems 


Low power, single supply data acquisition system solutions 
are provided by buffering the ADC12038 with the LMC6482 
(Figure 14). Capable of using the full supply range, the 
LMC6482 does not require input signals to be scaled down 
to meet limited common mode voltage ranges. The 
LMC4282 CMRR of 82 dB maintains integral linearity of a 
12-bit data acquisition system to +0.325 LSB. Other rail-to- 
rail input amplifiers with only 50 dB of CMRR will degrade 
the accuracy of the data acquisition system to only 8 bits. 


ADC12038 


TL/H/11713-28 


c8P90WN1 





FIGURE 14. Operating from the same 
Supply Voltage, the LMC6482 buffers the 
ADC12038 maintaining excellent accuracy 
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LMC6482 


Application Information (continued) 


10.0 Instrumentation Circuits « 


The LMC6482 has the high input impedance, large com- 
mon-mode range and high CMRR needed for designing in- 
strumentation: circuits. Instrumentation circuits designed 
with the LMC6482 can reject a larger range of common- 
mode signals than most in-amps. This makés instrumenta- 
tion circuits designed with the LMC6482 an excellent choice 
of noisy or industrial environments. Other applications that 


10ka 
rat 
3 LMc6482 


50kN, 0.1% . 


50kN, 0.1%. 


‘A2 
LMC6482 


FIGURE 15, Low Power 3 Op-Amp Instrumentation Amplifier 


A 2 op-amp instrumentation amplifier designed for a gain of 
100 is shown in Figure 16. Low sensitivity trimming is made 
for offset voltage, CMRR and gain. Low cost and low power 
consumption are the main advantages of this two op-amp 
circuit. 


10k, 0.1% 


benefit from these features include analytic medical instru- 
ments, magnetic field detectors, gas detectors, and silicon- 
based tranducers. . * 


A small valued potentiometer is used in series with Rg to set 
the differential gain of the 3 op-amp instrumentation circuit 
in Figure 15. This combination is used instead.of one large 
valued potentiometer to increase gain trim accuracy and re- 
duce error due to vibration. 


AC CMR ADJUST 
50kn, 0.1% 


48.7kn 
DC CMR ADJUST 
R2 5002 


O VREFERENCE 


TL/H/11713-29 


Higher frequency and larger common-mode range applica- 
tions are best facilitated by a.three op-amp instrumentation 
amplifier. 


10k, 0.1% | 


TL/H/11713-30 


FIGURE 16. Low-Power Two-Op-Amp Instrumentation Amplifier 
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Application Information (continued) 
11.0 Spice Macromodel 


A spice macromodel is available for the Peres: This 
model includes accurate simulation of: 


® Input common-mode voltage range 

Frequency and transient response 

© GBW dependence on loading conditions 

® Quiescent and dynamic supply current 

® Output swing dependence on loading conditions 


and many more characteristics as listed on the macromodel 
disk. 
Contact your local National Semiconductor sales office to 


obtain an operational amplifier spice model library disk. 


Typical Single-Supply Applications 


V+=3V 


TL/H/11713-31 
_ FIGURE 17. Half-Wave Rectifier 
with Input Current Protection (Rl) 


TL/H/11713-32 
FIGURE 17A. Half-Wave Rectifier Waveform 


The circuit in Figure 17 uses a single supply to half wave 
rectify a sinusoid centered about ground. Fy. limits current 


into the amplifier caused by the input voltage exceeding the: 


supply voltage. Full wave rectification is provided by the cir- 
cuit in Figure 78. 
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TL/H/11713-33 
FIGURE 18. Full Wave Rectifier 
with Input Current Protection (Rj) 


TL/H/11713-34 
FIGURE 18A. Full Wave Rectifier Waveform 


LMC6482 


= lout 


V+ - VIN 
lout = R 
TL/H/11713-35 


FIGURE 19. Large Compliance Range Current Source 
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LMC6482 


Typical Single-Supply Applications 


R1 << R2 


FIGURE 20. Positive Supply Current Sense 


TL/H/11713-36 


20kn 


a TL/H/11713-97 
FIGURE 21. Low Voltage Peak Detector with Rall-to-Rail Peak Capture Range 


In Figure 21 dielectric absorption and leakage is minimized by using a polystyrene or polyethylene hold capacitor. The droop rate 
is primarily determined by the value of Cy and diode leakage current. The ultra-low input current of the LMC6482 has a 
negligible effect on droop. 


20k 


+ cD4066BM a | SHoLD 


SAMPLE 


FIGURE 22. Rail-to-Rail Sample and Hold 
The LMC6482’s high CMRR (82 dB) allows excellent accuracy throughout the circuit's rail-to-rail dynamic capture range. ~ 


TL/H/11713-38 


C1 


TL/H/11713-27 


1 Co [Ro 
= = Ae =1 —t /—£ 
Ri = R2, Ci = Ca: ahi Gy DF AG. Va, 


FIGURE 23. Rail-to-Rail Single Supply Low Pass Filter 
The low pass filter circuit in Figure 23 can be used as an anti-aliasing filter with the same voltage supply as the A/D converter. 


Filter designs can also take advantage of the LMC6482 ultra-low input current. The ultra-low input current yields negligible offset 
error even when large value resistors are used. This in turn allows the use of smaller valued capacitors which take less board 
space and cost less. 
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(AV national Semiconductor 


LMC6484 CMOS Quad 
Rail-to-Rail Input 


P8P90W1 


and Output Operational Amplifier 


General Description 


The LMC6484 provides a common-mode range that ex- 
tends to both supply rails. This rail-to-rail performance com- 
bined with excellent accuracy, due to a high CMRR, makes 
it unique among rail-to-rail input amplifiers. 

It is ideal for systems, such as data acquisition, that require 
a large input signal range. The LMC6484 is also an excel- 
lent upgrade for circuits using limited common-mode range 
amplifiers such as the TLC274 and TLC279. 


Maximum dynamic signal range is assured in low voltage 
and single supply systems by the LMC6484’s rail-to-rail out- 
put swing. The LMC6484’s rail-to-rail output swing is guar- 
anteed for loads down to 6002. 

Guaranteed low voltage characteristics and low power dissi- 
pation make the LMC6484 especially well-suited for battery- 
operated systems. 

See the LMC6482 data sheet for a Dual CMOS operational 

_amplifier with these same features. 


Features (Typical unless otherwise noted) 

m Rail-to-Rail Input Common-Mode Voltage Range 
(Guaranteed Over Temperature) 

@ Rail-to-Rail Output Swing 
(within 20 mV of supply rail, 100 kQ load) 

Guaranteed 3V, 5V and 15V Performance 

g Excellent CMRR and PSRR 

g Ultra Low Input Current 

@ High Voltage Gain (R, = 500 kf) 

@ Specified for 2 kN and 600M loads 


Applications 

Data Acquisition Systems 

m Transducer Amplifiers 

g@ Hand-held Analytic Instruments 

O Medical Instrumentation ; 

@ Active Filter, Peak Detector, Sample and Hold, 
pH Meter, Current Source 

a Improved Replacement for TLC274, TLC279 


3V Single Supply Buffer Circuit 


Rall-to-Rail cape 


. as 
Connection Diagram 


Package 


Rall-to-Rail betohich 


TL/H/11714-2 exssdvepeabons: 
TL/H/11714-3 


a Information 


| TemperatureRange Range 


Military 
—55°C to + 125°C 


NSC Transport 


Industrial Drawing |». Media 


—40°C to +85°C 


14-pin LMC6484MN LMC6484AIN N14A 
Molded DIP LMC6484IN 


14-pin LMC6484AIM M14A Rail 
Smailt Outline LMC6484IM Tape and Reel 
14-pin LMC6484AMJ/883 J14A 

Ceramic DIP 


Se 


TL/H/11714-4 
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LMC6484 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


ESD Tolerance (Note 2) 2.0 kV 
Differential Input Voltage + Supply Voltage 
Voltage at Input/Output Pin (V+) + 0.3V, (V-) — 0.3V 
Supply Voltage (Vt — V-) _ 16V 
Current at Input Pin (Note 12) +5mA 
Current at Output Pin (Notes 3, 8) +30 mA 
Current at Power Supply Pin 40 mA 
Lead Temp. (Soldering, 10 sec.) 260°C 


DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for Ty = 
Boldface limits apply at the temperature extremes. 


25°C, Vt = 


TCVos_ | Input Offset Voltage 
Average Drift 


IB Input Current (Note 13) 


los 
Common-Mode 
Input Capacitance 


Input Resistance 


Rin 
CMRR_ | Common Mode 
Rejection Ratio 
OV < Vom < 5.0V 
Vt = 5V 


wv < Vom < 15.0V, 
= 15V 


5V < Vt < 15V, 

V— = OV, Vo = 2.5V 
—-5V <V- < -15V, 
Vt = OV, Vo = —2.5V 
V+ = 5Vand 15V 

For CMRR = 50 dB 


+PSRR | Positive Power Supply 
Rejection Ratio 
—PSRR | Negative Power Supply 
Rejection Ratio 
Input Common-Mode 
Voltage Range 


Large Signal 
Voltage Gain 


Ry = 2k0 
(Notes 7, 13) 


R, = 6000 
(Notes 7, 13) 


Input Offset Current (Note 13) 
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—65°C to + 150°C 
150°C 


Storage Temperature Range 
Junction Temperature (Note 4) 


Operating Ratings (note 1) 
Supply Voltage 3.0V < V+ < 15.5V 
Junction Temperature Range 
LMC6484AM 
LMC6484AlI, LMC64841 
Therma! Resistance (6 ja) 
N Package, 14-Pin Molded DIP 
M Package, 14-Pin Surface Mount 


—55°C < Ty < +125°C 
—40°C < Ty < +85°C 


70°C/W 
110°C/W 


5V, V—- = OV, Vom = Vo = Vt/2 and Ri > 1M. 


LMC6484Al 


LMC64841 
Limit 
(Note 6) 


LMC6484M 
Limit 
(Note 6) 


Limit 
(Note 6) 





5 
a z 


no) 
7" 


f°?) 
a 


vt oo ae Vt + 0.25 


Vt + 0.3 


I 
< © 
a 





DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, Vt = 5V, V- = OV, Vou = Vo = Vt/2 and R, > 1M. 
Boldface limits apply at the temperature extremes. (Continued) 


LMC6484Al | LMC6484!1 | LMC6484M 
Parameter yp Limit Limit Limit 
(Note 6) (Note 6) 


Output Swing Vt = 5V ; i : 
RL = 2k toVt/2 é 
0.1 0.18 0.18 
: 0.24 0.24 
Vt = 5V 47 4.5 4.5 4.5 
RL = 600 to V+/2 : : 4.24 4.24 4.24 
03 0.5 05 - 0.5 
. 0.65 0.65 0.65 
Vt = 15V ‘ 14.7 14.4 14.4 14.4 
RL = 2kQNtoVt/2 : 14.2 14.2 14.2 
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0.16 


Vt = 15V 14.1 13.4 13.4 13.4 

Ri = 6000 to V+ /2 : 13.0 13.0 13.0 
16 
10 
11 





1.0 1.0 
1.3 1.3 
Output Short Circuit | Sourcing, Vo = OV 


Current 
V+ =5V Sinking, Vo = 5V 


Output Short Circuit | Sourcing, Vo = OV 
Current 
Vt = 15V Sinking, Vo = 12V 
(Note 8) 
Supply Current All Four Amplifiers 
Vt = +5V,Vo = Vt/2 


All Four Amplifiers 
Vt = +15V, Vo = Vt/2 


AC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, Vt = 5V,V- = OV, Vom = Vo = Vt/2 and R, > 1M. 
Boldface limits apply at the temperature extremes. 


LMC6484M 
Parameter i imi Limit 
(Note 6) 


Slew Rate (Note 9) 


Gain-Bandwidth Product | .V+ = 15V. 
Phase Margin 

Gain Margin 

Amp-to-Amp Isolation (Note 10) 





Input-Referred f = 1 kHz 
Voltage Noise Vom = 1V nV/JHz- 


Input-Referred f = 1 kHz 
Current Noise pA/VHz_ 


Total Harmonic Distortion | f = 1 kHz, Ay = —2 
“| Re = 10 kQ, Vo = 4.1 Vpp 
f = 10 kHz, Ay = —2 
RL = 10k, Vo = 8.5 Vpp 
Vt = 10V 
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LMC6484 


DC Electrical Characteristics 
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 38V, V~ = OV, Voy = Vo = Vt/2 and RL > 1M 


. T LMC6484Al | LMC64841 | LMC6484M 
Parameter Conditions iets 5) Limit Limit Limit 
: (Note 6) (Note 6) (Note 6) 
|| Input Offset Voltage 
meee Drift 


ae Bias Current 


input Offset Current | Offset Current 
CMRR_ | Common Mode oVv< > <3V 
Rejection Ratio 
Power Supply 3V < Vt < 15V,V- = 0V 
Rejection Ratio ; , 
Input Common-Mode | For CMRR 2 50 dB = 
V- — 0.25 
Voltage Range 


Output Swing Ri = 2kNtoVt/2 


Ry = 6002 toV+/2 


AC Electrical Characteristics 
Unless otherwise specified, Vt = 3V, V-— = OV, Vom = = Vt/2 and R, > 1M 


=e LMC6484Al | LMC6484I | LMC6484M 
Parameter Conditions Prd 5) Limit Limit Limit 
(Note 6) (Note 6) (Note 6) 


|SlewRato Noto) =| | | 
| GainBandwidtnProduct | | to | | 


Total Harmonic Distortion | f = 10 kHz, Ay = —2 
RL = 10k9, Vo = 2Vpp 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device Is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 


Note 2: Human body model, 1.5 kN in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a class 2 device rating. 


Note 3: Applies to both single supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the .. 
maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely affect reliability. 


Note 4: The maximum power dissipation is a function of TJmax), 9ya, and Ta. The maximum allowable power dissipation at any ambient temperature Is 
Pp = (Tmax) ~ Ta)/OyJa. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: V+ = 15V, Voy = 7.5V and R, connected to 7.5V. For Sourcing tests, 7.5V < Vo < 11.5V. For Sinking tests, 3.5V < Vo < 7.5V. 

Note 8: Do not short circuit output to V+, when V+ is greater than 13V or reliability will be adversely affected. 

Note 9: V+ = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of either the positive or negative slew rates. 
Note 10: Input referred, V+ = 15V and RL = 100 kN connected to 7.5V. Each amp excited in turn with 1 KHz to produce Vo = 12 Vpp. 

Note 11: Connected as Voltage Follower with 2V step input. Number specified is the slower of either the positive or negative slew rates. 

Note 12: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings. 

Note 13: Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value. 

Note 14: For guaranteed Military Temperature Range parameters see RETSMC6484X. 
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Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified 
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Typical Performance Characteristics | 
Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 


Input Voltage Noise Input Voltage Noise Crosstalk Rejection 
vs Input Voltage vs Input Voltage vs Frequency 
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Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 
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Typical Performance Characteristics 


Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 
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Typical Performance Characteristics 
Vs = +15V, Single Supply, Ta = 25°C unless otherwise specified (Continued) 
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Application Information (Continued) 
1.0 Amplifier Topology 


The LMC6484 incorporates specially designed wide-compli- 
ance range current mirrors and the body effect to extend 
input common mode range to each supply rail. Complemen- 
tary paralleled differential input stages, like the type used in 
other CMOS and bipolar rail-to-rail input amplifiers, were not 
used because of their inherent accuracy problems due to 
CMRR, cross-over distortion, and open-loop gain variation. 


The LMC6484’s input stage design is complemented by an 
output stage capable of rail-to-rail output swing even when 
driving a large load. Rail-to-rail output swing is obtained by 
taking the output directly from the internal integrator instead 
of an output buffer stage. 


2.0 Input Common-Mode Voltage 
Range 

Unlike Bi-FET amplifier designs, the LMC6484 does not ex- 
hibit phase inversion when an input voltage exceeds the 
negative supply voltage. Figure 7 shows an input voltage 


exceeding both supplies with no resulting phase inversion 
on the output. 


TL/H/11714-10 
FIGURE 1. An Input Voltage Signal Exceeds the 
LMC6484 Power Supply Voltages with 
No Output Phase Inversion 


The absolute maximum input voltage is 300 mV beyond ei- 
ther supply rail at room temperature. Voltages greatly ex- 
ceeding this absolute maximum rating, as in Figure 2, can 
cause excessive current to flow in or out of the input pins 
possibly affecting reliability. 


Vin (+7.5V) 


Vour (1V/ div) 


TL/H/11714-12 
FIGURE 2. A +7.5V Input Signal Greatly 
Exceeds the 3V Supply in Figure 3 Causing 
No Phase Inversion Due to R, 

Applications that exceed this rating must externally limit the 
maximum input current to +5 mA with an input resistor as 

shown in Figure 3. 


Vout 


Ry=10k0 


. TL/H/11714-11 
FIGURE 3. R; Input Current Protection for 
Voltages Exceeding the Supply Voltage 


3.0 Rail-To-Rail Output 


The approximated output resistance of the LMC6484 is 
18029 sourcing and 1300 sinking at Vg = 3V and 1100 
sourcing and 83M sinking at Vs = 5V. Using the calculated 
output resistance, maximum output voltage swing can be 
estimated as a function of load. 


4.0 Capacitive Load Tolerance 


The LMC6484 can typically directly drive a 100 pF load with 
Vs = 15V at unity gain without oscillating. The unity gain 
follower is the most sensitive configuration. Direct capaci- 
tive loading reduces the phase margin of op-amps. The 
combination of the op-amp’s output impedance and the ca- 
pacitive load induces phase lag. This results in either an 
underdamped pulse response or oscillation. 


Capacitive load compensation can be accomplished using 
resistive isolation as shown in Figure 4. This simple tech- 
nique is useful for isolating the capacitive input of multiplex- 
ers and A/D converters. 


TL/H/11714-17 
FIGURE 4. Resistive Isolation 
of a 330 pF Capacitive Load 





Application Information (Continued) 


TL/H/11714-18 
FIGURE 5. Pulse Response of 
the LMC6484 Circuit in Figure 4 


Improved frequency response is achieved by indirectly driv- 
ing capacitive loads as shown in Figure 6. 


10kn 





naa 


TL/H/11714-15 
FIGURE 6. LMC6484 Non-Inverting Amplifier, 
Compensated to Handle a 330 pF Capacitive Load 


R1 and C1 serve to counteract the loss of phase margin by 
feeding forward the high frequency component of the output 
signal back to the amplifier’s inverting input, thereby pre- 
serving phase margin in the overall feedback loop. The val- 
ues of R1 and C1 are experimentally determined for the 
desired pulse response. The resulting pulse response can 
be seen in Figure 7. 


TU/H/11714-16 
FIGURE 7. Pulse Response of 
LMC6484 Circuit in Figure 6 


5.0 Compensating for Input 
Capacitance 


It is quite common to use large values of feedback resist- 
ance with amplifiers that have ultra-low input current, like 
the LMC6484. Large feedback resistors can react with small 
values of input capacitance due to transducers, photodi- 
odes, and circuit board parasitics to reduce phase margins. 


Cf 


+ LWC6484 
+ 


TL/H/11714-19 
FIGURE 8. Canceling the Effect of Input Capacitance 
The effect of input capacitance can be compensated for by 
adding a feedback capacitor. The feedback capacitor (as in 

Figure 8), Cy, is first estimated by: 
1 1 
ae > ————< 
2mRy Cin = 2arRo Cy 
or 
Ry Cin S Ro Cy 
which typically provides significant overcompensation. 
Printed circuit board stray capacitance may be larger or 
smaller than that of a breadboard, so the actual optimum 
value for Cs may be different. The values of C¢ should be 
checked on the actual circuit. (Refer to the LMC660 quad 
CMOS amplifier data sheet for a more detailed discussion.) 
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Application Information (continueg) 


6.0 Printed-Circuit-Board Layout 
for High-Ilmpedance Work 


It is generally recognized that any circuit which must oper- 
ate with less than 1000 pA of leakage current requires spe- 
cial layout of the PC board. when one wishes to take advan- 
tage of the ultra-low input current of the LMC6484, typically 
less than 20 fA,.it is essential to have an excellent layout. 
Fortunately, the techniques of obtaining low leakages are 
quite simple. First, the user must not ignore the surface 
leakage of the PC. board, even though it may sometimes 
appear acceptably low, because under conditions of high 
humidity or dust or contamination, the surface leakage will 
be appreciable. 


To minimize the effect of any surface leakage, lay out a ring 
of foil completely surrounding the LMC6484’s inputs and the 
terminals of capacitors, diodes, conductors, resistors, relay 
terminals, etc. connected to the op-amp’s inputs, as in Fig- 
ure 9. To have a significant effect, guard rings should be 
placed in both the top and bottom of the PC board. This PC 
foil must then be connected to a voltage which is at the 
same voltage as the amplifier inputs, since no leakage cur- 
rent can flow between two points at the same potential. For 
example, a PC board trace-to-pad resistance of 10120, 
which is normally considered a very large resistance, could 
leak 5 pA if the trace were a 5V bus adjacent to the pad of 
the input. This would cause a 250 times degradation from 
the LMC6484’s actual performance. However, if a guard 
ring is held within 5 mV of the inputs, then even a resistance 
of 10110 would cause only 0.05 pA of leakage current. See 
Figures 10a, 10b and 70c for typical connections of guard 


rings for standard op-amp configurations. 


‘| ouT4 -IN4 (| tins 
toll] Lo} Le 


Guard Ring 
TL/H/11714-20 
FIGURE 9. Example of Guard Ring in P.C. Board Layout 





TL/H/11714-21 
(a) Inverting Amplifier 


R2 


“= «Guard Ring —p! 
INPUT 


TL/H/11714-22 
(b) Non-Inverting Amplifier 


TL/H/11714-23 
(c) Follower 


FIGURE 10. Typical Connections of Guard Rings 


The designer should be aware that when it is inappropriate 
to lay out a PC board for the sake of just a few circuits, there 
is another technique which is even better than a guard ring 
ona PC board: Don’t insert the amplifier’s input pin into the 
board at all, but bend it up in the air and use only air as an 
insulator. Air is an excellent insulator. In this case you may 
have to forego some of the advantages of PC board con- 
struction, but the advantages are sometimes well worth the 
effort of using point-to-point up-in-the-air wiring. See 
Figure 11. 


FEEDBACK 
CAPACITOR 
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SOLDER CONNECTION 
TL/H/11714-24 


{Input pins are lifted out of PC board and soldered directly to components. 
All other pins connected to PC board.) s) 


FIGURE 11. Air Wiring 





Application Information (continuea) 


7.0 Offset Voltage Adjustment 


Offset voltage adjustment circuits are illustrated in Figures 
73 and 74. Large value resistances and potentiometers are 
used to reduce power consumption while providing typically 
+2.5 mV of adjustment range, referred to the input, for both 
configurations with Vs = +5V. 


V+ R4 


500k2 e 
Vin 


1ka 


Vout 


V- é 
TL/H/11714-25 
FIGURE 12. Inverting Configuration 
Offset Voltage Adjustment 


TL/H/11714-26 


FIGURE 13. Non-Inverting Configuration 
Offset Voltage Adjustment 


8.0 Upgrading Applications 


The LMC6484 quads and LMC6482 duals have industry 
standard. pin outs to retrofit existing applications. System 
performance can be greatly increased by the LMC6484’s 
features. The key benefit of designing in the LMC6484 is 
increased linear signal range. Most op-amps have limited 
input common mode ranges. Signals that exceed this range 
generate a non-linear output response that persists long af- 
ter the input signal returns to the common mode range. 


Linear signal range is vital in applications such as filters 
where signal peaking can exceed input common mode 
ranges resulting in output phase inversion or severe distor- 
tion. 


9.0 Data Acquisition Systems 


Low power, single supply data acquisition system solutions 
are provided by buffering the ADC12038 with the LMC6484 
(Figure 14). Capable of using the full supply range, the 
LMC6484 does not require input signals to be scaled down 
to meet limited common mode voltage ranges. The 
LMC6484 CMRR of 82 dB maintains integral linearity of a 
12-bit data acquisition system to +0.325 LSB. Other rail-to- 
rail input amplifiers with only 50 dB of CMRR will degrade 
the accuracy of the data acquisition system to only 8 bits. 


ADC12038 


— TL/H/11714~28 


FIGURE 14. Operating from the same 
Supply Voltage, the LMC6484 buffers the 
ADC12038 maintaining excellent accuracy 
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Application Information (Continued) 


10.0 Instrumentation Circuits 


The LMC6484 has the high input impedance, large com- 
mon-mode range and high CMRR needed for designing in- 
strumentation circuits. Instrumentation circuits designed 
with the LMC6484 can reject a larger range of common- 
mode signals than most in-amps. This makes instrumenta- 
tion circuits designed with the LMC6484 an excellent choice 
for noisy or industrial environments. Other applications that 


“10ka 


50kN, 0.1% 


50k, 0.1% 


A2 
LMC6484 


1 
4 
+ 


benefit from these features include analytic medical instru- 
ments, magnetic field detectors, gas detectors, and silicon- 
based transducers. 


A small valued potentiometer i is used in series with Rg to set 
the. differential gain of the 3 op-amp instrumentation circuit 
in Figure 15. This combination is used instead of one large 
valued potentiometer to increase gain trim accuracy and re- 
duce error due to vibration. 


AC CMR ADJUST 
50ka, 0.1% 


48.7k0 
DC CMR ADJUST 
R2 5000 

O VReFERENCE 


TL/H/11714-29 


FIGURE 15. Low Power 3 Op-Amp Instrumentation Amplifier 


A 2 op-amp instrumentation amplifier designed for a gain of 
100 is shown in Figure 76. Low sensitivity trimming is made 
for offset voltage, CMRR and gain. Low cost and low power 
consumption are the main advantages of this two op-amp 
circuit. 


10k, 0.1% 


Higher frequency and larger common-mode range applica- 
tions are best facilitated bye a three op-amp instrumentation 
amplifier. 


10k, 0.1% 


TL/H/11714-30 


FIGURE 16. Low-Power Two-Op-Amp Instrumentation Amplifier 
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11.0 Spice Macromodel 


A spice macromodel is available for the LMC6484, This 
model includes accurate simulation of: . 


¢ input common-mode voltage range 

® frequency and transient response 

e GBW dependence on loading conditions © 

® quiescent and dynamic supply current 

© output swing dependence on loading conditions 

and many more characteristics as listed on the macromodel 
disk. 

Contact your local National Semiconductor sales office to 
obtain an operational amplifier spice model library disk. 


Typical Single-Supply Applications 


V+=3V 


” TL/H/11714-31 


’ FIGURE 17. Half-Wave Rectifier with 
: Input Current Protection (RI) 


TL/H/11714-32 
FIGURE 17a. Half-Wave Rectifier Waveform 


The circuit in Figure 17 uses a single supply to half wave 
rectify a sinusoid centered about-ground. FR limits current 
into the amplifier caused by the input voltage exceeding the 
supply voltage. Full wave rectification is provided by the cir- 
cuit in Figure 78, 
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TL/H/11714-33 
FIGURE 18. Full Wave Rectifier 
with Input Current Protection (R}) 


TL/H/11714-34 
FIGURE 18a. Full Wave Rectifier Waveform 


' 


4 lout 


(2 = Vin 
lout = R 
TL/H/11714-35 


FIGURE 19. Large Compliance Range Current Source 
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Typicai Single-Supply Applications (continued) 





1kA 


Vour = 1kQ (R1/R2) 
R1 << R2 


FIGURE 20. Positive Supply Current Sense 
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TL/H/11714~-37 


FIGURE 21. Low Voltage Peak Detector with Rall-to-Rail Peak Capture Range 
In Figure 21 dielectric absorption and leakage is minimized by using a polystyrene or polyethylene hold capacitor. The droop rate 
is primarily determined by the value of C} and diode leakage current. The ultra-low input current of the LMC6484 has a 
negligible effect on droop. 


20kn 
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3 CD4066EM | 


SAMP| 
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‘FIGURE 22. Rail-to-Rail Sample and Hold 
The LMC6484’s high CMRR (85 dB) allows excellent accuracy throughout the circuit’s rail-to-rail dynamic capture range. 


C1 


Bp 


ml ratte N 4 Ue ane [C2 [Re 
Ri = R2,C1 = C2; f DaRIGi OF 2VG; VA; 


FIGURE 23. Rall-to-Rail Single Supply Low Pass Filter 
The low pass filter circuit in Figure 23 can be used as an anti-aliasing filter with the same voltage supply as the A/D converter. 


Filter designs can also take advantage of the LMC6484 ultra-low input current. The ultra-low input current yields negligible offset 
error even when large value resistors are used. This in turn allows the use of smaller valued capacitors which take less board 
space and cost less. 
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AD rational Semiconductor 


LM6142 Dual and LM6144 Quad 
High Speed/Low Power 17 MHz Rail-to-Rail 
Input-Output Operational Amplifiers 


PPLOINT/2PLOINT 


General Description Features Atvs = 5V. Typ unless noted. 


Using patent pending new circuit topologies, the ™ Rail-to-rail input CMVR —0.25V to 5.25V 
LM6142/44 provides new levels of performance in applica- m Rail-to-rail output swing 0.005V to 4.995V 
tions where low voltage supplies or power limitations previ- ™ Wide gain-bandwidth: 17 MHz at 50 kHz (typ) 
ously made compromise necessary. Operating on supplies Stew rate: 

of 1.8V to over 24V, the LM6142/44 is an excellent choice Small signal, 5V/ps 

for battery operated systems, portable instrumentation and Large signal, 30V/ys 


others. } m Low supply current 650 »A/Amplifier 
The greater than rail-to-rail input voltage range eliminates ™ Wide supply range 1.8V to 24V 
concern over exceeding the common-mode voltage range. 4 CMAR 107 dB 

The rail-to-rail output swing provides the maximum possible = Gain 108 dB with R, = 10k 
dynamic range at the output. This is particularly important 

when operating.on low supply voltages. m PSRR 87 dB 


High gain-bandwidth with 650 »A/Amplifier supply current : A 
opens new battery powered applications where previous Applications ; 
higher power consumption reduced battery life to unaccept- ™ Battery operated instrumentation 
able levels. The ability to drive large capacitive loads with- | ™ Depth sounders/fish finders 
out oscillating functionally removes this common problem. m Barcode scanners 
ae mg Wireless communications 
g Rail-to-rail in-out instrumentation amps 


Connection Diagrams 
8-Pin CDIP : 8-Pin DIP/SO 14-Pin DIP/SO 


OUT B OUT B 


- INB ~ INB 


+ IN.B + IN B 


TL/H/12057-14 TL/H/12057-1 
. Top View Top View 


TL/H/12057-2 
Top View 


Ordering Information 


. ‘Temperature Range Temperature Range ‘ibe 
Package Industrial Military Drawing 
—40°C to + 85°C —55°C to + 125°C 


| 8PinMolded DIP | LMe142QIN,LMet42BIN | | 

| 8:PinSmaliOutine | LMe14zaiM.Lmer42iM | | MOBA_| 
Ls4PinMolded DIP | LMeraaain,imeraasin | | NTAA | 
/[14PinSmallOutiine | LMeraaaimLMeraaBim | | MTA 

perincoe | | tMetazamuveng | D08c_| 
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LM6142/LM6144 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


ESD Tolerance (Note 2) 2500V 
Differential Input Voltage 15V_ 
Voltage at Input/Output Pin (Vt) + 0.8V, (V7) — 0.3V 
Supply Voltage (Vt — V~) 35V 
Current at Input Pin - £10mA 
Current at Output Pin (Note 3) +25mA 
Current at Power Supply Pin 50 mA 
Lead Temperature (soldering, 10 sec) 260°C 
Storage Temp. Range —65°C to + 150°C 
Junction Temperature (Note 4) 150°C 


5.0V DC Electrical Characteristics 


Operating Ratings (note 1) 
Supply Voltage 


Junction Temperature — 
LM6142, LM6144 


Thermal Resistance (63a) 


48V< Vt < 24V 


—40°C < Ty < +85°C 


N Package, 8-Pin Molded DIP 115°C/W 
M Package, 8-Pin Surface Mount 193°C/W 
N Package, 14-Pin Molded DIP 81°C/W 
M Package, 14-Pin Surface Mount 126°C/W 


Unless otherwise specified, all limits guaranteed for Ty = 25°C, vt = 5.0V,V~ = OV, Vow = Vo = vt /2 and R_ > 1MQ to 
V+/2. Boldface limits apply at the temperature extremes. 


Conditions 


u al 


Vos Input Offset Voltage 
Input Offset Voltage 
Average Drift 


Ig Input Bias Current 


TCVos 


OV < Vom < 5V 








los Input Offset Current 

Rin Input Resistance, Cry 

CMRR Common Mode OV < Vom < 4V 
Rejection Ratio 

OV < Vom < 5V 

PSRR Power Supply 5V < Vt < 24V 
Rejection Ratio 

Vom : Input Common-Mode 
Voltage Range 

Ay Large Signal Ri = 10k 
Voltage Gain 

Vo Output Swing 








LM6144Al LM6144BI 
Typ LM6142Al LM6142BI Units 
(Note 5) Limit Limit 
(Note 6) (Note 6) 
mV 
max 
te | sso | 00 >, 
280 max 
526 
30 30 nA 
80 80 max 
pe ff Mo 
84 84 
78 78 
66 66 dB 
64 64 min 
80 80 
78 78 
ss _| se | so | d 
V/mvV 
ah min 
V 
max 
V 
min 
V max 
V min 
V 
max 
V 
min 


5.0V DC Electrical Characteristics 
Unless Otherwise Specified, All Limits Guaranteed for Ty = 25°C, V* = 5.0V, V7 = OV, Voy = Vo = V*/2 and Ry > 1 MQ 
to V+ /2. Boldface limits apply at the temperature extremes. (Continued) 






















LM6144Al LM6144BI 
, Typ LM6142Al LM6142Bl 
Parameter Conditions (Note 5) Limit Limit 
(Note 6) (Note 6) 


Isc 


Output Short Sourcing 10 
Circuit Current 4.9 
_ | |e 
Sinking 24 10 
5.3 
|” AAR | 


Supply Current Per Amplifier 800 800 
880 880 


5.0V AC Electrical Characteristics 
Unless Otherwise Specified, All Limits Guaranteed for Ty = 25°C, vt = 5.0V,V" = OV, Vom = Vo = vt /2 and RL > 1MQ 
to Vs/2. Boldface limits apply at the temperature extremes. 


LM6144Al LM6144BI 
Parameter Typ LM6142AlI LM6142Bl 
(Note 5) Limit Limit 
(Note 6) (Note 6) 
Slew Rate 8 Vp-p @ Voc 12V 25 
Rs > 1k. 
Gain-Bandwidth Product f = 50 kHz 





Output Short 
Circuit Current 
LM6144 












Phase Margin 


3 

{ 

1 
Input-Referred f = 1 kHz 0 
Current Noise 


Total Harmonic Distortion f = 10 kHz, Ry = 10kQ, | 0.003 | 


Input-Referred f = 1 kHz 
Voltage Noise 
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LM6142/LM6144 


2.7V DC Electrical Characteristics ) ) | 
Unless Otherwise Specified, All Limits Guaranteed for Ty = 25°C, vt =2.7V,V7 = OV, Vom = Vo = vt/2 and Ru > 1M 
to V+ /2. Boldface limits apply at the temperature extreme “ 


LM6144Al LM6144BI 
Typ _ LM6142Al LM6142BI 
Symbol Parameter Conditions (Note 5) Limit Limit 
(Note 6) (Note 6) 
Input Offset Voltage 1.8 
4.3 


Input Bias Current 150 300 
526 
Input Offset Current 30 30 
80 80 


| InputResistance Resistance 


Power Supply 3V< ete 27E < 5V 
Rejection Ratio 


Input Common-Mode V min 


Large Signal ss = 10k V/mV 
Voltage Gain min 
, Output Swing Ru = 10k 0.019 0.08 0.08 a 
0.112 0.112 
Supply Current Per Amplifier 
ses 


2.7V AC Electrical Characteristics : 7 | 
Unless Otherwise Specified, All Limits Guaranteed for Ty = 25°C, Vt = 2.7V,V~ = OV, Vom = Vo = Vt /2 and R, > 1M 
to V+ /2. Boldface limits apply at the temperature extreme 


LM6144AI LM6144BI 
Typ LM6142Al LM6142BI 
mymnee recametet (Note 5) Limit Limit 
(Note 6) (Note 6) 


GainBandwidth Product | f=soKHz | 9 | | 
Phase Margin ae ee eee ee 
| GainMargin | 
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24V Electrical Characteristics 7 
Unless Otherwise Specified, Ail Limits Guaranteed for Ty = 25°C, vt = 24V,V7 = OV, Vom = Vo = vt/2and RL > 1M 
to Vs/2. Boldface limits apply at the temperature extreme 


LM6144Al LM6144Bl 
LM6142Al LM6142BI 
Symbol Parameter | Conditions Limit Limit 
: (Note 6) 


Input Offset Voltage 


Input Offset Current 


Input Resistance 


Common Mode OV < Vom < 23V 
Rejection Ratio OV < Vom < 24V 100 


Power Supply OV < Vom < 24V 
ee ; 87 
Rejection Ratio 
Input Common-Mode 
Voltage Range 
Large Signal Ry = 10k 
Voltage Gain 


Output Swing RL = 10k 


Supply Current Per Amplifier 750 pA 
max 


GainBandwidth Product | f=sorHz | te | | 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Charactenstics. 


Note 2: Human body model, 1.5 kf in series with 100 pF. 


Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. ‘ 


Note 4: The maximum power dissipation is a function of TyJ(max) 9ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = 
(Tymaxy — Ta)/8ya. All numbers apply for packages soldered directly into a PC board. 


Note 5: Typical values represent the most likely parametric norm. 
Note 6: All limits are guaranteed by testing or statistical analysis. 
Note 7: For guaranteed military specifications see military datasheet MNLM6142AM-X. 
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Typical Performance Characteristics tT, = 25°C, R, =. 10 kn Unless Otherwise Specified 


Supply Current vs OffsetVoltagevs.  i(w ’ Blas Current vs 

Supply Voltage = — Supply Voltage Supply Voltage 
1. i 0 

PLETE TE Ey 

SRRREEE 


r[[rssee] +378°0| 


LM6142/LM6144 


A shee 
~100 Aft +282 Sea 
soe 1 eee 

PTTL anes 
r[ezsee|=ssee] TTT 


SUPPLY CURRENT (mA) PER AMPLIFIER 
OFFSET VOLTAGE (mV) 
BIAS CURRENT (nA) 


8 12 16 20 24 28 32 36 “0 4 8 12 16 20 24 28 32 36 10 15 20 25 30 35 
- SUPPLY VOLTAGE (¥) : SUPPLY. VOLTAGE (V) be , - SUPPLY VOLTAGE (V) 


- Offset Voltage vs Von Offset Voltage vs Vom Offset Voltage vs Vom 


SERRE RR 

sti ETT TT TT 

LLTTL TT TTT, 

SARSSSSE55 SU Rana Wain eae 

N +85°C | 

eCCOET TTT NT Hetty oa 
LT LTT esstcuiy T | I 
LETT ETT frsoecett 

wo LECT Tred 


1.0 
"2 “15-1705 0 05 1 1415 2 ‘ ' “6 -5-4-3-2-10 123456 
COMMON MODE VOLTAGE (V) . . COMMON MODE VOLTAGE (V) COMMON MODE VOLTAGE (V) 


OFFSET VOLTAGE (mv) 
OFFSET VOLTAGE (mv) 





Bias Current vs Vow Blas Current vs Vom Bias Current vs Vom 


SERRE RRER || 
BE 
Bil 
W | 
ae 
SeeCSaeeee ae 


raabaa 
fim 


BIAS CURRENT (nA) 
BIAS CURRENT (nA) 
BIAS CURRENT (nA) 





2-15 -1-05 0 05 1°15 2 “6 -5-4-5-2-10125 45 6 
COMMON MODE VOLTAGE (V) COMMON MODE VOLTAGE (V) : COMMON MODE VOLTAGE (V) 


Open-Loop Transfer Open-Loop Transfer Open-Loop Transfer 
Function Function Function 


yy tt ys = sv 
Ee ee 

OS OW 
Pete teller hele [eg 
Lette ||| 100k | 
SeSeeeeE Sil 


INPUT VOLTAGE (nV) 
INPUT VOLTAGE (V) 
INPUT VOLTAGE (,V) 


1.5 . 005115 225 335 4 45 5 2345 6 7 8 9 10 
OUTPUT VOLTAGE (¥) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) 
TL/H/12057-3 
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Typical Performance Characteristics 
Ta = 25°C, RL = 10 kM Unless Otherwise Specified (Continued) 


Output Voltage vs Output Voltage vs Output Voltage vs 
Source Current Source Current — Source Current 


100 Eri =—r 























PYLON T/CPLSINT 























SOURCE CURRENT (mA) 
NTT 


SOURCE CURRENT (mA) 























SOURCE CURRENT (mA) 


TTT Tn 
THIEN 


100 1000 =: 10000 : 10000 100 1000 10000 
OUTPUT SWING FROM V+ (mY) OUTPUT SWING FROM V+ (mY) OUTPUT SWING FROM V+ (mY) 


Output Voltage vs Output Voltage vs . Output Voltage vs 
Sink Current. Sink Current Sink Current 


Vg = 10V -409C 


OUTPUT SINK CURRENT (mA) 
OUTPUT SINK CURRENT (mA) 
OUTPUT SINK CURRENT (mA) 


100 1000 10000 . 10 100 1000 10000 100 1000 10000 
OUTPUT SWING FROM V- (mY) OUTPUT SWING FROM V- (mY) OUTPUT SWING FROM V- (mY) 
TL/H/12057-4 
Distortion + Noise 
Gain and Phase vs Load Gain and Phase vs Load vs Frequency 


Vg = 24V 
~68 1 VQ = 10Vpp 


GAIN (dB) 
PHASE (°) 
GAIN (4B) 
PHASE (°) 
DISTORTION (dB) 


-30 
20k 40k 80k 
1k 10k 100k 1M : 100 tk 10k 100k 1M 10M : 6k 10k 60k 100k 


FREQUENCY (Hz) _ FREQUENCY (Hz) _ FREQUENCY (Hz) 


GBW vs Supply 





GAIN~BANDWIDTH (MHz) 


SUPPLY VOLTAGE (V) 
TL/H/12057=-11 
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Typical Performance Characteristics 
Ta = 25°C, Rp = 10 kf Unless Otherwise Specified (Continued) 


Open Loop Gain vs Open Loop Gain vs Open Loop Gain vs 
Load, 3V Supply Load, 5V Supply Load, 24V Supply 


LM6142/LM6144 


OPEN LOOP GAIN (dB) 
OPEN LOOP GAIN (dB) 
OPEN LOOP GAIN (d8) 


20 
100 tk 10k 100k 1M 10M & 1k 10k 100k 1M . 100 1k 10k 100k 1M 10M 
FREQUENCY (Hz) ; FREQUENCY (Hz) FREQUENCY (Hz) 


Unity Gain Freq vs Vs CMRR vs Frequency Crosstalk vs Frequency 


PTI TT 
| el 
th 


FREQUENCY (MHz) 
CMRR (dB) 
ISOLATION (dB) 











FREQUENCY (Hz) FREQUENCY (kHz) 


Noise Voltage vs Frequency Noise Current vs Frequency 


"tee a EL ES TOO 
: ee | yt | TT TT 


ae ine 
=z TT | 


PSRR (dB) 





NOISE CURRENT (pA/VHz) 





NOISE VOLTAGE (nV/VHz) 


1k 10k 100k 1M ; 1 ; ; 100 1000 10000 
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 
TL/H/12057-5 


NE vs R Source 
eS A 


NOISE FIGURE (dB) 





10k 100k 


“ Rsource (2) 
TL/H/12057-12 
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LM6142/44 Application Ideas 


The LM6142 brings a new level of ease of use to opamp 
system design. 


With greater than rail-to-rail input voltage range concern 
over exceeding the common-mode voltage range is elimi- 
nated. 

Rail-to-rail output swing provides the maximum possible dy- 
namic range at the output. This is particularly important 
when operating on low supply voltages. 


The high gain-bandwidth with low supply current opens new 
battery powered applications, where high power consump- 
tion, previously reduced battery life to unacceptable levels. 


To take advantage of these features, some ideas should be 
kept in mind. 


ENHANCED SLEW RATE 


Unlike most bipolar opamps, the unique phase reversal pre- 
vention/speed-up circuit in the input stage causes the slew 
rate to be very much a function of the input signal amplitude. 


Figure 7 shows how excess input signal, is routed around 
the input collector-base junctions, directly to the current mir- 
rors. 


The LM6142/44 input stage converts the input voltage 
change to a current change. This current change drives the 
current mirrors through the collectors of Q1-Q2, Q3-Q4 
when the input levels are normal. 


If the input signal exceeds the slew rate of the input stage, 
the differential input voltage rises above two diode drops. 
This excess signal bypasses the normal input transistors, 
(Q1-Q4), and is routed in correct phase through the two 
additional transistors, (Q5, Q6), directly into the current mir- 
rors. 


This rerouting of excess signal allows the slew-rate to in- 
crease by a factor of 10 to 1 or more. (See Figure 2.) 

As the overdrive increases, the opamp reacts better than a 
conventional opamp. Large fast pulses will raise the slew- 
rate to around 30V to 60V/ys. 


CURRENT 
MIRROR 





+IN 


CURRENT 
MIRROR 


Slew Rate vs A Vin 
Vs = +5V 


SLEW RATE, (V/s) 





0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0 


DIFFERENTIAL INPUT VOLTAGE, (V) 
TL/H/12057~7 
FIGURE 2 


This effect is most noticeable at higher supply voltages and 
lower gains where incoming signals are likely to be large. 


This new input circuit also eliminates the phase reversal 
seen in many opamps when they are overdriven. 


This speed-up action adds stability to the system when driv- 
ing large capacitive loads. 


DRIVING CAPACITIVE LOADS 


Capacitive loads decrease the phase margin of all opamps. 
This is caused by the output resistance of the amplifier and 
the load capacitance forming an R-C phase lag network. 
This can lead to overshoot, ringing and oscillation. Slew rate 
limiting can also cause additional lag. Most opamps with a 
fixed maximum slew-rate will lag further and further behind 
when driving capacitive loads even though the differential 
input voltage raises. With the LM6142, the lag causes the 
slew rate to raise. The increased slew-rate keeps the output 
following the input much better. This effectively reduces 
phase lag. After the output has caught up with the input, the 
differential input voltage drops down and the amplifier set- 
tles rapidly. 





OUT 







TL/H/12057-6 


FIGURE 1 
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LM6142/44 Application Ideas 


(Continued) 


These features allow the LM6142 to drive capacitive loads 
as large as 1000 pF at unity gain and not oscillate. The 
scope photos (Figure 3a and 3b) above show the LM6142 
driving a 000 pF load. In Figure 3a, the upper trace is with 
no capacitive load and the lower trace is with a 1000 pF 
load. Here we are operating on +12V supplies with a 20 
Vp-p pulse. Excellent response is obtained with a Cy of 
lO pF. In Figure 3b, the supplies have been reduced to 
+2.5V, the pulse is 4 Vp-p and C; is 39 pF. The best value 
for the compensation capacitor is best established after the 
board layout is finished because the value is dependent on 
board stray capacity, the value of the feedback resistor, the 
closed loop gain and, to some extent, the supply voltage. 


Another effect that is common to all opamps is the phase 
shift caused by the feedback resistor and the input capaci- 
tance. This phase shift also reduces phase margin. This ef- 
fect is taken care of at the same time as the effect of the 
capacitive load when the capacitor is placed across the 
feedback resistor. . 


The circuit shown in Figure 4 was used for these scope 
photos. 





TL/H/12057-8 


FIGURE 3a 





TL/H/12057-9 


FIGURE 3b 
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TL/H/12057-10 


FIGURE 4 


Typical Applications 


FISH FINDER/ DEPTH SOUNDER. 


The LM6142/44 is an excellent choice for battery operated 
fish finders. The low supply current, high gain-bandwidth 
and full rail to rail output swing of the LM6142 provides an 
ideal combination for use in this and similar applications. 


ANALOG TO DIGITAL CONVERTER BUFFER 

The high capacitive load driving ability, rail-to-rail input and 
output range with the excellent CMR of 82 dB, make the 
LM6142/44 a good choice for buffering the inputs of A to D 
converters. 


3 OPAMP INSTRUMENTATION AMP WITH RAIL-TO- 
RAIL INPUT AND OUTPUT 


Using the LM6144, a 3 opamp instrumentation amplifier with 
rail-to-rail inputs and rail to rail output can be made. ‘These 
features make these instrumentation amplifiers ideal for sin- 
gle supply systems. 


Some manufacturers use a precision voltage divider array of 
5 resistors to divide the common-mode voltage to get an 
input range of rail-to-rail or greater. The problem with this 
method is that it also divides the signal, so to even get unity 
gain, the amplifier must be run at high closed loop gains. 
This raises the noise and drift by the internal gain factor and 
lowers the input impedance. Any mismatch in these preci- 
sion resistors reduces the CMR as well. Using the LM6144, 
all of these problems are eliminated. 


In this example, amplifiers A and B act as buffers to the 
differential stage (Figure 5). These buffers assure that the 
input impedance is over 100 MQ. and they eliminate the 
requirement for precision matched resistors in the input 
stage. They also assure that the difference amp is driven 
from a voltage source. This is necessary to maintain the 
CMR set by the matching of Ri-R2 with R3-R4. 





TL/H/12057-13 


FIGURE 5 


The gain is set by the ratio of R2/R1 and R3 should equal 
R1 and R4 equal R2. Making Ré4 slightly smaller than R2 
and adding a trim pot equal to twice the difference between 
R2 and Ré4 will allow the CMR to be adjusted for optimum. 
With both rail to rail input and output ranges, the inputs and 
outputs are only limited by the supply voltages. Remember 
that even with rail-to-rail output, the output can not swing 
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past the supplies so the combined common mode voltage 
plus the signal should not be greater than the supplies or 
limiting will occur. 


SPICE MACROMODEL 


A SPICE macromodel of this and many other National Semi- 
conductor opamps is available at no charge from the NSC 
Customer Response Group at 800-272-9959, 
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MOSFET Selection Guide 


A) vationat Semiconductor. 


"MOSFET Selection Guide 


S$O-8 DMOS ' 
R Max (2 
Part DS(ON | RosionMax(o) ) Ip (A) Configuration 
Number Ves @10V 
N-Channel 


NDS9410 
NDS9936 
NDS9945 


NDS9955 


NDS9956 
NDS9959 
P-Channel 


noseoo_ | -20 =| ozs | ow | 2s | os | Single 
noses | -20 | ot | ots | 4 || Singlo 
nosoao7_| _-6o | ots | ome | -3a | es | Single 
Noses | -20 | ows] tts | 83 | 8s | Single 
noseaas | -30 | oo7 | o13 | -46 | 25 | Single 
noses? | -20 | ot | tot S| 38 | | 
nossoas |  -60 | ozs | os | wes | | 
nosessa | -20 | 028 =| os | 2 | Dual 





Complementary N-P Channel 







N-Channel 
P-Channel 


N-Channel 
P-Channel 


N-Channel 
P-Channel 


N-Channel 
P-Channel 








NDS9942 











NDS9943 






NDS9952 





NDS9958 
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SOT-23 
| 
umber Ves @10V Ves @4.5V 
N-Channel 





Part Rpson) Max (2) 
Cr ee | ew [ream 


| Veseasv | 
N-Channel 
nossin [| go | | ts | tt ls 
nosasgn | go || tes | tw ls 
P-Channel 
nosaszp_ | wz | Tos || 
nossep_— | 20 || oT tt Ts 
SOT-223 POWERSOT 
= ee 
Number 
N-Channel : 








NDT014 
NDT451N 
NDT3055 
NDT3055L 


P-Channel 


novasap | 30 | ote | ose? S| | 
norasss | —-eo {oS {| ss | 


*Preliminary information, please contact Discrete POWER & Signal Technologies Marketing for updated information. 
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SPINH UOHRI9J9S LA4SOW 


-NDS351N 


A vationat Semiconductor 


NDS351N a ae 


'| N-Channel Logic Level Enhancemen 


in a very small outline surface mount package. 





Mode Field Effect Transistor _ 


General Description —_—- Features 


' These N-channel logic level enhancement mode power field ™ 1.1A, 30V, Roson) = 0.259 @ Veg = 4.5V 


effect transistors are produced using National’s proprietary | Proprietary package design using copper lead frame for 
high cell density, DMOS technology. This very high density. _— superior thermal and electrical capabilities 
process has been especially tailored to minimize on-state ™ High density cell design for extremely low Rog(on) 


resistance. These devices are particularly suited for low Exceptional on-resistance and maximum DC current 
voltage applications in’ notebook computers, portable © capability = , 


phones, PCMCIA cards, and other battery powered circuits Compact industry standard SOT-23 surface mount 
where fast switching, and low in-line power loss are needed package 


SOT-23 
- (TO-236AB) 


TL/G/12454-1 5 TL/G/12454-2. | 


Parameter : 


| DisinSourceVotage | 

Maximum Drain Current — Continuous 
We Pues | ton 
Maximum Power Dissipation @T,= 25°C 


Absolute Maximum Ratings 1, = 25°C unless otherwise noted apse, hake 
@To = 25°C 1.7 (Note-1) 


Ty, Tst¢ . Operating and Storage Temperature Range | —55 to +150 


THERMAL CHARACTERISTICS - 


Thermal Resistance, Junction-to-Ambient 250 (Note 1) : 
~ Thermal Resistance, Junction-to-Case a 75 (Note 1) 
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Electrical Characteristics (Ta = 25°C unless otherwise noted) 


symbol | ____—_——Parameter, ~—|——Conditions | Min | Typ | Max | Units 
OFF CHARACTERISTICS a ei Ss 
er 
iach Ek 
| Gate—BodyLeakage,Foward | Vas=12V,Vos=ov | | | t00_| 
| Gate—Body Leakage,Reverse | Vas=-12v.Vos=ov | | | 1000 | 


ON CHARACTERISTICS (Note 2) 


Gate Threshold Voltage Vos=Vesln=250nA | 08 | 16 | 2 | 
Pye wee [os [ta [a 
| | ores | 025 


Rps(on) Static Drain-Source On-Resistance Ves = 4.5V, Ip = 1.1A 
[tars | | 026 | 037 _| 
PVes=10Vip=14a | ‘| ots | ore | 
eigusranGnen a iaeaemen eae. 
| Forward Transconductance | Vos=8Vso=41A | 2 | 25 | 


Input Capacitance Vos = 10V, Ves = OV, 
Output Capacitance f= 1.0 MHz 
Reverse Transfer Capacitance 


Turn-On Delay Time —_ Vpp = 10V, Ip = 1A, 


NILSESGN 


_ 


Maximum Continuous Drain-Source Diode Forward Current 
Maximum Pulsed Drain-Source Diode Forward Current 
Drain-Source Diode Forward Voltage Ves = OV, Is = 1.1A (Note 2) 


Note 1: Reya is the sum of the junction-to-case and case-to-ambient thermal resistance where the case thermal! reference is defined as the solder mounting 
surface of the drain pins. tn this case, Reca of 175°C/W can be achieved with a drain thermal pad of approximately 0. 01 square inch of 2 ounce CORD er: 


Note 2: Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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NDS351N 


Typical Electrical Characteristics . 


Ip» DRAIN-SOURCE CURRENT (A) 


Vps» DRAIN-SOURCE VOLTAGE (V) 


TL/G/12454-3 
FIGURE 1. On-Region Characteristics 


hae 


ra 


0.8 let | ti 
0.6 Ae wy 
--*50 -25 0 25 S50 75 100 125 150 


J), JUNCTION TEMPERATURE (°C) 


TL/G/12454-5 
FIGURE 3. On-Resistance Variation with Temperature 
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Ip» DRAIN CURRENT (A) 


Vos» GATE TO SOURCE VOLTAGE (V) 


TL/G/12454-7 
FIGURE 5. Transfer Characteristics 
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Ros(on)» NORMALIZED 
DRAIN-SOURCE ON-RESISTANCE 


Ip, DRAIN CURRENT (A) 


TL/G/12454-4 
FIGURE 2. On-Resistance Variation with 
Gate Voltage and Drain Current 


“Rys(on) ON-RESISTANCE () 


Ip» DRAIN CURRENT (A) 


TL/G/12454-6 
FIGURE 4. On-Resistance Variation with 
Drain Current and Temperature 





Vy» NORMALIZED 
GATE-SOURCE THRESHOLD VOLTAGE (V) 





100 125 150 


Ty, JUNCTION TEMPERATURE (°C) 


TL/G/12454-8 
FIGURE 6. Gate Threshold Variation with Temperature 





Typical Electrical Characteristics (continuea) 


* a a 


\ 











ili 


- lg, REVERSE DRAIN CURRENT (A) 


BYpsg» NORMALIZED 
DRAIN-SOURCE BREAKDOWN VOLTAGE (V) 
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FIGURE 7. Breakdown Voltage Variation FIGURE 8. Body Diode Forward Voltage Variation 
with Temperature with Current and Temperature 
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FIGURE 9. Capacitance Characteristics FIGURE 10. Gate Charge Characteristics 


Output, Voy 


Inverted 


Input, VIN 


Pulse Width 


TL/G/12454~14 


TL/G/12454—13 FIGURE 12. Switching Waveforms 
FIGURE 11. Switching Test Circult 
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NDS351N 


Typical Electrical Characteristics (continued) 
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FIGURE 13. Transconductance Variation FIGURE 14. Maximum Safe Operating Area 
with Drain Current and Temperature 
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Note: Characterization performed using a circuit board with 175°C/W typical case-to-ambient thermal resistance. 
FIGURE 15. Transient Thermal Response Curve 
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AV vational Semiconductor 


NDS352P 
P-Channel Logic Level Enhancement Mode 
Field Effect Transistor 


General Description Features 


These P-channel logic level enhancement mode power field ™ —850 mA, —20V, Roson) = 9.59, @ Veg = —4.5V 
effect transistors are produced using National’s proprietary, ™ Proprietary package design using copper lead frame for 
high cell density, DMOS technology. This very high density superior thermal and electrical capabilities 

process is especially tailored to minimize on-state resist- m High density cell design for extremely low Rps(on) 


ance. These devices are particularly suited for low voltage Exceptional on-resistance and maximum DC current ! 
applications such as notebook computer power manage- capability 


ment, portable electronics, and other battery powered cir- = Compact industry standard SOT-23 surface mount 
cuits where fast high-side switching, and low in-line power package 


loss are needed in a very small outline surface mount pack- 
age. 


SOT-23 
(TO-236AB) 


TL/G/12455-1 


TL/G/12455-2 


Absolute Maximum Ratings Tz, = 25°C unless otherwise noted 


Symbol Parameter 


Voss Drain-Source Voltage 


Vess Gate-Source Voltage — Continuous 


Ip Maximum Drain Current — Continuous +850 


— Pulsed +10 
Pp Maximum Power Dissipation @Ta = 25°C 500 (Note 1) 


@Tco = 25°C 1.7 (Note 1) 
Ty, Tsta Operating and Storage Temperature Range —55 to +150 


Th Maximum Lead Temperature for Soldering Purposes, 
¥" from Case for 5 Seconds 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction-to-Ambient 250 (Note 1) 
Thermal Resistance, Junction-to-Case 75 (Note 1) 
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NDS352P 


Electrical Characteristics 1, = 25°C unless otherwise noted 


Symbol | Conditions | Min | typ | Max | units 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage Vas = OV, Ip = —250 pA ea See ae 


Zero Gate Voltage Drain Current Vps = —16V, 


2 es 
pees ome 


Gate- | Gate-Body Leakage, Forward | Leakage, Forward Vas = 12V, Vos = OV 


| 100 | 
[ess tedape ve | vag —tauvag= ov] 


ON CHARACTERISTICS (Note 2) 


Gate Threshold Voltage . —«|-Vps = Vas, Ip = —250 Hs ais | 2 


Rps(on) Static Drain-Source On-Resistance | Vgs = —4.5V,'lp = —0.85A eerie 

| er oe Sa 
a) a 
eae ne ee 
| Forward Transconductance | Vos=-8V,Ip=-088a | | 1s | 


DYNAMIC CHARACTERISTICS 





Vos = —10V, Ves = OV, 
f = 1.0 MHz 


Vpop = —10V, Ip = —1A, 
Ves = —10V, Reen = 502 


Vps = —10V, Ip = —0.85A, 
Ves = —5V- 


Drain-Source Diode Vep = OV, Is = —0.85A 
Forward Voltage (Note 2) 


Note 1: Resa is the sum of the junction-to-case and case-to-ambient thermal resistance where the case thermal reference is defined as the solder mounting 
surface of the drain pins. In this case, Rgca of 175°C/W can be achieved with a drain thermal! pad of approximately 0.01 square inch of 2 ounce copper. 


Note 2: Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 
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Typical Electrical Characteristics 


Ip» DRAIN~SOURCE CURRENT (A) 


Vps» DRAIN-SOURCE VOLTAGE (V) 


TL/G/12455-3 
‘FIGURE 1. On-Region Characteristics 
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Ty, JUNCTION TEMPERATURE (°C) 


TL/G/12455-5 
FIGURE 3. On-Resistance Variation 
with Temperature 


Ip» DRAIN CURRENT (A) 


Vos» GATE TO SOURCE VOLTAGE (V) 


TL/G/12455-7 
FIGURE 5. Transfer Characteristics 
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Rys(on)» NORMALIZED 
DRAIN-SOURCE ON-RESISTANCE 


Ros(on)> NORMALIZED 


DRAIN~SOURCE ON-RESISTANCE (n) 


Vry» NORMALIZED 
GATE-SOURCE THRESHOLD VOLTAGE (V) 





deS€SGN 


Ip» DRAIN CURRENT (A) 


TL/G/12455-4 
FIGURE 2. On-Resistance Variation 
with Drain Current and Gate Voltage 





ly» DRAIN CURRENT (A) 


TL/G/12455~6 
FIGURE 4. On-Resistance Variation 
with Drain Current and Temperature 











Tj, JUNCTION TEMPERATURE (°C) 
TL/G/12455-8 


’ FIGURE 6. Gate Threshold Variation 


with Temperature 
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Typical Electrical Characteristics (continued) 


BVpgg, NORMALIZED 
DRAIN-SOURCE BREAKDOWN VOLTAGE (V) 


CAPACITANCE (pF) 


Ig, REVERSE DRAIN CURRENT (A) 





50 <-25 0 25 #50 75 100 125 150 


Ty, JUNCTION TEMPERATURE (°C) 
TL/G/12455-9 
FIGURE 7. Breakdown Voltage Variation 
with Temperature . 


Vgg» GATE-SOURCE VOLTAGE (V) 





“Vos, DRAIN TO SOURCE VOLTAGE (V) 


TL/G/12455-11 
FIGURE 9. Capacitance Characteristics 


to(on) 


Vout 


VIN 





TL/G/12455-13 
FIGURE 11. Switching Test Current 
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-Vsp, BODY DIODE FORWARD VOLTAGE (V) 
TL/G/12455-10 


FIGURE 8. Body Diode Forward Voltage Variation 


with Source Current and Temperature 





Q, GATE CHARGE (nC) 


TL/G/12455-12 
FIGURE 10. Gate Charge Characteristics 


ton torr 


Pulse Width Inverted 


TL/G/12455-14 
FIGURE 12. Switching Waveforms 





Typical Electrical Characteristics (Continued) 
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Ip» DRAIN CURRENT (A) 


INGLE come toy 
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Gg» TRANSCONDUCTANCE (SIEMENS) 





0.1 0,2 0.5 1 2°, 5 10. ...20 30 


lp» DRAIN CURRENT (A) =Vps» DRAIN-SOURCE VOLTAGE (V) 


TL/G/12455~16 
FIGURE 14. Maximum Safe Operating Area 


TL/G/12455-15 
. FIGURE 13. Transconductance Variation 
with Drain Current and Temperature 



















0.1 Rosa (t) = r(t) * Raya 
0.05 Roya = 250 * C/W 
0.02 et HT (pk) 

0. A | 
= t 








TT = P* Raa (t 
ae gol, esa (t) 


r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


0.002 LA Duty Cycle, D = t 
ea anuiilioamt eae om Oa 


0.0001 0.001 0.01 0.1 10 100 300 


t;, TIME (s) 

: : TL/G/12455-17 

Note: Characterization performed using a circuit board with 175°C/W typical case-to-ambient thermal resistance. 
FIGURE 15. Transient Thermal Response Curve 
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AD vationat Semiconductor 


NDS355N 


N-Channel Logic Level Enhancement 


Mode Field Effect Transistor 


General Description 


These N-channel logic level enhancement mode power field 
effect transistors are produced using Nationals proprietary, 
high cell density, DMOS technology. This very high density 
process has been especially tailored to minimize on-state 
resistance. These devices are particularly suited for low 
voltage applications in notebook computers, portable 
phones, PCMICA cards, and other battery powered circuits 
where fast switching, and low in-line power loss are needed 
in a very small outline surface mount package. 


SOT-23 
(TO-236AB) 


TL/G/12456-1 


Features 

m@ 1.6A, 30V, Ros(on) = 0.1259 @ Vos = 4.5V 

@ Proprietary package design using copper lead frame for 
superior thermal and electrical capabilities 5 

@ High density cell design for extremely low Rosion) 

Exceptional on-resistance and maximum DC current 
capability 

= Compact industry 


standard SOT-23 surface mount 
package ‘ : Ps gts 


TL/G/12456-2 


Absolute Maximum Ratings T, = 25°C unless otherwise noted 


Parameter 


Drain-Source Voltage 


Gate-Source Voltage—Continuous 


Drain Current—Continuous 


—Pulsed 


Maximum Power Dissipation @ Ta = 25°C 
@ Ta = 25°C 


Operating and Storage Temperature Range 


500 (Note 1) 


1.7 (Note 1) 
—55 to +150 





THERMAL CHARACTERISTICS 


Rosa 
Resc 


Thermal Resistance, Junction to Ambient 250 (Note 1) 
Thermal Resistance, Junction to Case 75 (Note 1) 


°C/W 
°C/W 
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Electrical Characteristics (Ta = 25°C unless otherwise noted) 


Symbol Conaltlons 


OFF CHARACTERISTICS 


NSSESGN 


Zero Gate Voltage Drain Vos = 24V, 
Current Ves = OV 


Gate-Body Leakage, Forward | Vgs = 12V, Vps = OV a] 
Gate-Body Leakage, Reverse Vas = —12V, Vps = OV 


ON CHARACTERISTICS (Note 2) 


State Drain-Source Ves = 4.5V, Ip = 1.6A 


On-Resistance = 
Ves = 10V, Ip = 1.9A 

On-State Drain Current Ves = 4.5V, Vos = 5V 

Forward Transconductance Vos =5V, Ip = 1.6A 


Input Capacitance Vps = 10V, Ves = OV, 
Output Capacitance f = 1.0 MHz 
Reverse Transfer Capacitance 


Total Gate Charge Vps = 10V, Ip = 1.6A, 
Gate-Source Charge Ves = 5V 
Gate-Drain Charge 


Maximum Continuous Source Current 
Maximum Pulse Source Current (Note 2) 


Drain-Source Diode Foward Ves = OV, Is = 1.6A 
Voltage 


Note 1: Rega i is the sum of the junction-to-case-to-ambient thermal resistance where the case thermal reference is defined as the solder mounting surface of the 
drain pins. !n this case, Rajya of 175° C/W can be achieved with a drain thermal pad of approximately 0.01 square inch of 2 ounce copper. 


Note 2: Pulse Test Pulse Width < 300 ps, Duty Cycle < 2.0%. 
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Typical Electrical Characteristics 
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Ip» DRAIN CURRENT (A) 


Vps» DRAIN-SOURCE VOLTAGE (V) 


TL/G/12456-3 
FIGURE 1. On-Region Characteristics 


Ty, JUNCTION TEMPERATURE (°C) 


TL/G/12456-5 
FIGURE 3. On-Resistance Variation 
with Temperature 





Vos: GATE TO SOURCE VOLTAGE (V) 


TL/G/12456-7 
FIGURE 5. Transfer Characteristics 
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Rys(on)» NORMALIZED 
DRAIN-SOURCE ON-RESISTANCE 


Ryg(on)» NORMALIZED 


DRAIN-SOURCE ON~RESISTANCE 


Vy» NORMALIZED 
GATE-SOURCE THRESHOLD VOLTAGE (V) 





12 
Ip» DRAIN CURRENT (A) 


TL/G/12456-4 
FIGURE 2. On-Resistance Variation with 
Gate Voltage and Drain Current 


Ip» DRAIN CURRENT (A) 


_ -TL/G/12456-6 
FIGURE 4. On-Resistance Variation with 
Drain Current and Temperature 
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Ty, JUNCTION TEMPERATURE (°C) 


TL/G/12456-8 
FIGURE 6. Gate Threshold Variation 
with Temperature 





Typical Electrical Characteristics (Continued) 
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BVpgg» NORMALIZED 
DRAIN-SOURCE BREAKDOWN VOLTAGE (V) 
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FIGURE 7. Breakdown Voltages FIGURE 8. Body Diode Forward Voltage 
Variation with Temperature Variation with Current and Temperature 
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FIGURE 9. Capacitance Characteristics FIGURE 10. Gate Charge Characteristics 


ton torr 


Output, Voyr 


Inverted 
Input, Vin 


Pulse Width 





TL/G/12456-14 


TL/G/12456-13 FIGURE 12. Switching Waveforms 
FIGURE 11. Switching Test Circuit 
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Typical Electrical Characteristics (continued) 
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FIGURE 13. Transconductance Variation FIGURE 14. Maximum Safe Operating Area 
. with Drain Current and Temperature 
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TRANSIENT THERMAL RESISTANCE 
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TL/G/12456-17 
FIGURE 15. Transient Thermal Rebponee Curve 
Note: Characterization seifentibd using a circuit board with 175° C/W typical case-to-ambient thermal resistance. 
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d9SESGN 


NDS356P 
P-Channel Logic Level Enhancement 
Mode Field Effect Transistor 


General Description Features 


These P-channel logic level enhancement mode power field & —1.1A, —20V, Rpsion) = 0.39 @ Veg = —4.5V 
effect transistors are produced using Nationals proprietary, | ™ Proprietary package design using copper lead frame for 
high cell density, DMOS technology. This very high density superior thermal and electrical capabilities 

process is especially tailored to minimize on-state resist- ™ High density cell design for extremely low RDS(ON) 


ance. These devices are particularly suited for low voltage =m Exceptional on-resistance and maximum DC current 
applications in notebook computer power management, capability 


portable electronics, and other battery powered circuits» Compact industry standard SOT-23 surface mount 
where fast high-side switching, and low in-line power loss package 


are needed in a very small outline surface mount package. 


SOT-23 
(TO-236AB) 


TL/G/12457-1 


TL/G/12457-2 


Drain-Source Voltage 
Gate-Source Voltage—Continuous 


Maximum Drain Current—Continuous 
—Pulsed — 


Maximum Power Dissipation @ Ta = 25°C 500 (Note1) 


@Tc = 25°C 1.7 (Note 1) 


Ty, Tsta Operating and Storage Temperature Range —§5 to + 150 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction-to-Ambient 250 (Note 1) 
Thermal Resistance, Junction-to-Case 75 (Note 1) 
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NDS356P 


Electrical Characteristics 1, = 25°c unless otherwise noted 


OFF CHARACTERISTICS 


Drain-Source Breakdown Vas = OV, Ip = —250 pA 
Voltage 


Zero Gate Voltage Drain Vos = - 16V, 


ee eT eT 
eee rere EC aL RETTY 
ON CHARACTERISTICS (Note 2) 7 Soman ate | 
Gate Threshold Voltage =| Vp = Vas, Ip = —250 HA | =o8 | -16 |. -2. 
| 


Rpson) | State Drain-Source Ves = iti Io = -141A 


On-Resistance saws EE | 
| Ce ea eS 


DYNAMIC CHARACTERISTICS 


Input Capacitance - Vps = —10V, Ves = OV, 


Output Capacitance f = 1.0 MHz 
Reverse Transfer Capacitance 


[runt Oey Tine 
| 


; Maximum Continuous Drain-Source Diode Forward Current 
Maximum Pulse Drain-Source Diode Forward Current 


Drain-Source Diode Foward Ves = OV, Is = 141A (Note 2) 
Voltage 


Note 1: Raya is the sum of the junction-to-case and case-to- ambient thermal! resistance where the case thermal reference is defined as the solder mounting 
surface of the drain pins. In this case, Reca of 175°G/W can be achieved with a drain thermal pad of eee 0.01 square inch of 2 Ounce copper. - 


Note 2: Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 
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Typical Electrical Characteristics 


Ves = -10V /-6.0 
-5.0 


i es 
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) Zauen 


ly» DRAIN-SOURCE CURRENT (A) 





Vps» DRAIN-SOURCE VOLTAGE (V) 


TL/G/12457-3 
FIGURE 1. On-Reglon Characteristics 


Ryg(on)» NORMALIZED 
DRAIN-SOURCE ON-RESISTANCE 





Ty, JUNCTION TEMPERATURE (°C) 


TL/G/12457-5 
FIGURE 3. On-Resistance 
Variation with Temperature 


Ip» DRAIN CURRENT (A) 





Vgs» GATE TO SOURCE VOLTAGE: (V) 


, TL/G/12457-7 
FIGURE 5. Transfer Characteristics 
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Ros(on)» NORMALIZED 
DRAIN-SOURCE ON-RESISTANCE 


DRAIN-SOURCE ON-RESISTANCE 


Vry» NORMALIZED 
GATE-SOURCE THRESHOLD VOLTAGE (V) 





Ip» DRAIN CURRENT (A) 


TL/G/12457~4 
_ FIGURE 2. On-Resistance Va. iation 
with Drain Current and Gate Voltage 





Ip» ORAIN CURRENT (A) 


; TL/G/12457-6 
FIGURE 4. On-Resistance Variation 
with Drain Current and Temperature 
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FIGURE 6. Gate Threshold 
Variation with Temperature 
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NDS356P 


Typical Electrical Characteristics (continued) 
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BVpgg» NORMALIZED 
DRAIN-SOURCE BREAKDOWN VOLTAGE (V) 
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Ti JUNCTION TEMPERATURE (°C) Vgp, BODY DIODE FORWARD VOLTAGE (V) 
TL/G/12457-9 TL/G/12457-10 
FIGURE 7. Breakdown Voltage Variation FIGURE 8. Body Diode Forward Voltage Variation 
with Temperature aan with Source Current and Temperature 
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. - TL/G/12457-11 Pe TL/G/12457-12 
FIGURE 9. Capacitance Characteristics FIGURE 10. Gate Charge Characteristics 


Pulse Width Inverted 


TL/G/12457-13 TL/G/12457-14 
FIGURE 11. Switching Test Circult FIGURE 12. Switching Waveforms 
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Typical Electrical Characteristics (continued) 
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FIGURE 13. Transconductance Variation FIGURE 14. Maximum Safe Operating Area 
with Drain Current and Temperature 


= = 0. 5 


Ss tt mee: 
eo —=a=- faeno iE coe 
; — a I oh il Roja (t) = r(t) * RoJa 


a = 250 °C/W 


ArH eke SP Rao) 
Duty Cycle, D = t/t, 


r(t), NORMALIZED EFFECTIVE 
TRANSIENT THERMAL RESISTANCE 





t;, TIME (s) 


TL/G/12457-17 
Note: Characterization performed using a circuit board with 175°C/W typical case-to-ambient thermal resistance. 


FIGURE 15. Transient Thermal Response Curve 
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Section 7 
Power Management 





Section 7 Contents 


TEMPERATURE SENSORS 

LM45B/LM45C SOT-23 Precision Centigrade Temperature Sensors 

LM50B/LM50C SOT-23 Precision Centigrade Temperature Sensors 

VOLTAGE REFERENCES 

LM4040 Precision Micropower Shunt Voltage Reference 

LM4041 Precision Micropower Shunt Voltage Reference 

LOW DROPOUT VOLTAGE REGULATORS 

LP2950/A-XX and LP2951/A-XX Series of Adjustable Micropower Voltage Regulators 

LP2956/LP2956A Dual Micropower Low-Dropout Voltage Regulators 

LP2960 Adjustable Micropower 0.5A Low-Dropout Voltage Regulator 

LP2980 Micropower SOT, 50 mA Ultra Low-Dropout Regulator 

LP2952/LP2952A/LP2953/LP2953A Adjustable Micropower Low-Dropout Voltage 
Regulators 

SWITCHING REGULATORS 

LM2574/LM2574HV Series SIMPLE SWITCHER 0.5A Step-Down Voltage Regulators 

LM2594 SIMPLE SWITCHER Power Converter 150 KHz 0.5A Step-Down Voltage Regulator. 7-136 

BATTERY CHARGE CONTROLLER 

LM3420-4.2, -8.4, -12.6, -16.8 Lithium-lon Battery Charge Controllers 
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LM45B/LM45C 


OSPINT/ESPWN1 


SOT-23 Precision Centigrade Temperature Sensors 


General Description 


The LM45 series are precision integrated-circuit tempera- 
ture sensors, whose output voltage is linearly proportional to 
the Celsius (Centigrade) temperature. The LM45 does not 
require any external calibration or trimming to provide.accu- 
racies of +2°C at room temperature and +3°C over a full 
—20 to + 100°C temperature range. Low cost is assured by 
trimming and calibration at the wafer level. The LM45’s low 
output impedance, linear output, and precise inherent cali- 
bration make interfacing to readout or control circuitry espe- 
cially easy. It can be used with a single power supply, or with 
plus and minus supplies. As it draws only 120 pA from its 
supply, it has very low self-heating, less than 0.2°C in still 
air. The LM45 is rated to operate over a —20° to + 100°C 
temperature range. 


Applications 
gm Battery Management 
m FAX Machines 

m@ Printers 


Connection Diagram 
SOT-23 


1 
+Vg5 


2 
Yo 
TL/H/11754-1 
Top View 


See NS Package Number M03B 
(JEDEC Registration TO-236AB) 


Typical Applications 


+Vy 
(4.0V TO 10V) 


OUTPUT 

Vout = (10 mv/°C x Temp °C) 

Vout = +1,000 mV at +100°C 
a Vout +250 mV at #25°C 


TL/H/11754-3 
FIGURE 1. Basic Centigrade Temperature 
Sensor (+2.5°C to + 100°C) 





m Portable Medical Instruments 
m HVAC 

m Power Supply Modules 

g@ Disk Drives 

= Computers 

@ Automotive 


Features 

m Calibrated directly in ° Celsius (Centigrade) 
m Linear + 10.0 mV/°C scale factor 

m +3°C accuracy guaranteed 

m Rated for full —20° to + 100°C range 

m@ Suitable for remote applications 

m@ Low cost due to wafer-level trimming 

m@ Operates from 4.0V to 10V 

m™ Less than 120 pA current drain 

m Low self-heating, 0.20°C in still air 
Nonlinearity only +0.8°C max over temp 
m= Low impedance output, 2029 for 1 mA load 


SOT-23 
Order Device 
Number Marking Supplied As 


LM45BIM3 250 Units on Tape and Reel 
LM45BIM3X 3000 Units on Tape and Reel 





3 
LM45CIM3 250 Units on Tape and Reel 


LM45CIM3X 


3000 Units on Tape and Reel 


+V5 
(4.0V TO 10V) 


Choose Ry = —Vs/50 pA TAA SA Se 


VouT= (10 mV/°C xX Temp °C) 
- Vour= +1,000 mV at +100°C ~ 
“ = +250 mV at +25°C 
= —200 mV at —20°C 
FIGURE 2. Full-Range Centigrade 
Temperature Sensor (— 20°C to + 100°C) 


LM45B/LM45C 


Absolute Maximum Ratings (note 1) 

Supply Voltage +12V to —0.2V - ESD Susceptibility (Note 3): : A ge 8 
Output Voltage +Vg + 0.6V to —1.0V Human Body Model 2000V 
Output Current 10 mA Machine Model TBD 


Storage Temperature —65°C to + 150°C - » ‘ 
(ead Temperatire Operating Ratings (note 1) 


SOT Package (Note 2): ; _ Specified Temperature Range 
Vapor Phase (60 seconds) 215°C ‘(Note 4) ge SRS Tin to Taax 
Infrared (15 seconds) 220°C LM45B, LM45C —20°C to + 100°C 


Operating Temperature Range 0 
_LM45B, LM45C . 40°C to + 125°C 


Supply Voltage Range (+Vs) +4,0V to + 10V 
Electrical Characteristics untess otherwise noted, these specifications apply for +Vg = +5Vde and ILOAD = 


+50 pA, in the circuit of Figure 2. These specifications also apply from +2.5°C to Tyax in the circuit of Figure.7 for +Vs = 
+ 5Vdc. Boldface limits apply for Tag = Ty = Tain to Trax: all other limits Ta = Ty = +25°C, unless otherwise noted. 


“LM45B LM45C 
Units 


Parameter Conditions Typical | Limit | Typical | Limit | (Limit) 
| 3 _ |e (Note 5) (Note 5) 


Accuracy a2 ‘| Ta=+25°C +2.0 “°C (max) 
(Note 6) Ta=TmMax +3.0 ; . °C. (max) 

7 TaA=TMIN +3.0 °C (max) 
Nonlinearity Twins TaSTMax +0.8 +0.8 | °C(max) 
(Note 7) re ees 
SensorGain __ TMINSTASTMAX +9.7 +9.7 mv/°C (min) 
(Average Slope) +10.3 +10.3 mvV/°C (max) 


Load Regulation (Note 8) O<I_< +1mA | | tas | [tas | mv/mA(max) 


Line Regulation +4,0V<+Vss +10V +0.80 +0.80 mV/V (max) 
(Note 8) +1.2 £1.2 “mV/V (max) 





' Quiescent Current +4.0VS +Vg< + 10V, +25°C 120 120 pA (max) 
(Note 9) +4.0V<S+Vg<s+10V_. 160 160 pA (max) 


Change of Quiescent —4.0VS +Vg<10V : 


- Temperature Coefficient é 


Minimum Temperature - In circuit of : é ff 
for Rated Accuracy Figure 1, =0 fs | | tes | Am 
Long Term Stability (Note 10) | Ty=Tmax,for1000hous | +012 | | to12 | | °C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 


Note 2: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


Note 3: Human body model, 100 pF discharged through a 1.5 kQ resistor. Machine model, 200 pF discharged directly into each pin. ; 
Note 4: Thermal resistance of the SOT-23 package is 260°C/W, junction to ambient when attached to a printed circuit board with 2 oz. foil as shown in Figure 3. 
Note 5: Limits are guaranteed to National's AOQL (Average Outgoing Quality Level). 


Note 6: Accuracy is defined as the error between the output voltage and 10 mv/°C times the device’s case temperature, at specified conditions of voltage, current, 
and temperature (expressed in °C). 


Note 7: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature 
range. 2 : 


Note 8: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. : : . : 


Note 9: Quiescent current is measured using the circuit of Figure 7. 


Note 10: For best long-term stability, any precision circuit will give best results if the unit is aged at a warm temperature, and/or temperature cycled for at least 46 
hours before long-term life test begins. This is especially true when a smail (Surface-Mount) part is wave-soldered; allow time for stress relaxation to occur. 





Typical Performance Characteristics 
To generate these curves the LM45 was mounted to a printed circuit board as shown in Figure 3. 


Thermal Resistance Thermal Resbonse in Still Alr 
Junction to Air Thermal Time Constant with Heat Sink (Figure J) 


OSPINT/SSPN1 


THERMAL RESISTANCE (°C/W 
: TIME CONSTANT (SEC) 
PERCENT OF FINAL VALUE (%) 





0 
200 4400 600 800 1000 200 «4400 600 800 1000 
AIR VELOCITY (FPM) AIR VELOCITY (FPM) TIME (MINUTES) 


Thermal Response Quiescent Current 
in Stirred Oil Bath Start-Up Voltage vs Temperature 
with Heat Sink vs Temperature (In Circuit of Figure 1) 


Le eeeRE 

{| 
poee 
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PERCENT OF FINAL VALUE (%) 
SUPPLY VOLTAGE (V) 
QUIESCENT CURRENT (2A) 


2 
30 40 = (50 “50 -25 0 25 50 75 100 125 : 50 75 
TIME (SEC) TEMPERATURE (°C) TEMPERATURE (°C) 


Quiescent Current 
vs Temperature Accuracy vs Temperature 
(In Circult of Figure 2) (Guaranteed) Noise Voltage 


(TYP) 


ieee (TYP) 
= Ee 


NOISE (nV ~JHz) 





QUIESCENT CURRENT (2A) 
TEMPERATURE ERROR (°C) 





























0 
25 50 7S -50 -25 0 25 50 75 100 125 150 100 1K 10K 100K 
TEMPERATURE (°C) TEMPERATURE (°C) , ~ FREQUENCY (Hz) : 
Ground Plane 


on 062 copper 
clad board. 


Supply Voltage ¥ 1/2" 
vs Supply Current Start-Up Response | i 


SP Zhe 
ne ee eeee 
ese E fad ect IC. | 

CIMT LE 


+Vs Supply Current (yA) 





"A 12 3 4 5 67 8 9 10 0 10 20 30 40 50 60 TL/H/11754-23 
+Vs Supply Voltage (V) TIME (ys) FIGURE 3. Printed Circuit Board Used 
TL/H/11754-5 for Heat Sink to Generate All Curves. 
¥," Square Printed Circult Board 
with 2 oz. Foil or Similar 





LM45B/LM45C 


Applications 


The LM45 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.2°C. of the surface temperature. 


This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM45 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. 


To ensure good thermal conductivity the backside of the 
LM45 die is directly attached to the GND pin. The lands and 
traces to the LM45 will, of course, be part of the printed 
circuit board, which is the object whose temperature is be- 
ing measured. These printed circuit board lands and traces 
will not cause the LM45s temperature to deviate from the 
desired temperature. 


Alternatively, the LM45 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 


Typical Applications 
CAPACITIVE LOADS 


Like most micropower circuits, the LM45 has a limited ability 
to drive heavy capacitive loads. The LM45 by itself is able to 
drive 500 pF without special precautions. If heavier loads 
are anticipated, it is easy to isolate or decouple the load with 
a resistor; see Figure 4. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 5. 


Any linear circuit connected to wires in a hostile environ- 
ment can have its performance affected adversely by in- 
tense electromagnetic sources such as relays, radio trans- 
mitters, motors with arcing brushes, SCR transients, etc, as 


its wiring can act as a receiving antenna and its internal . 


junctions can act as rectifiers. For best results in such cas- 
es, a bypass capacitor from Vij to ground and a series R-C 
damper such as 752. in series with 0.2 or 1 4 F from output 
to ground, as shown in Figure 5, are often useful. 


HEAVY CAPACITIVE LOAD, WIRING, ETC. 


TO A HIGH-IMPEDANCE LOAD 


‘ TL/H/11754-8 
FIGURE 4. LM45 with Decoupling from Capacitive Load 


into a threaded hole in a tank. As with any IC, the LM45 and 


accompanying wiring and circuits must be kept insulated 


-and dry, to avoid leakage and corrosion. This is especially 


true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to insure that moisture cannot corrode the LM45 or its 
connections. 


Temperature Rise of LM45 Due to Self-Heating 
(T hermal Resistance) 
SOT-23** 
no heat sink 
450°C/W 


SOT-23 
small heat fin* 
Still air 260°C/W 
Moving air 180°C/W 
* Heat sink used is 14” square printed circuit board with 2 oz. foil with part 
attached as shown in Figure 3. 


** Part soldered to 30 gauge wire. 


0.1 uF BYPASS 
OPTIONAL 





TL/H/11754-9 


FIGURE 5. LM45 with R-C Damper 


TL/H/11754-12 
FIGURE 6. Temperature Sensor, 
Single Supply, — 20°C to + 100°C 





Typical Applications (continued) 


+Vs 
(6V TO 10V¥) 


+6V TO + 10V 


OSPINT/ESPWNT 





2N2907 


Vour = 
+1.0 mV/°F 





LM4041-1.2 
TL/H/11754-14 


FIGURE 7. 4-to-20 mA Current Source (0°C to + 100°C) | 10M 


TL/H/11754-15 
FIGURE 8. Fahrenheit Thermometer 


100 pA, 
60 mV 
FULL-SCALE 





TL/H/11754-16 
FIGURE 9. Centigrade Thermometer (Analog Meter) 


TL/H/11754~17 
FIGURE 10. Expanded Scale Thermometer 
(50° to 80° Fahrenheit, for Example Shown) 


ES 
‘ 
TL/H/11754=-18 


FIGURE 11. Temperature To Digital Converter (Serial Output) (+ 128°C Full Scale) 





SERIAL 
DATA OUTPUT 






CLOCK 


ENABLE 
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LM45B/LM45C 


Typical Applications 


(Continued) 





FIGURE 12. T 





_ TLAH/11754-19 
emperature To Digital Converter (Parallel TRI-STATE® Outputs for 
Standard Data Bus to pP Interface) (128°C Full Scale) 


a 







67 


*=1% or 2% film resistor 
-Trim Re for Vg=3.075V 
-Trim Ro for Vo= 1.955V 





VVVV VVVIVV VY eet aeee 


68 69 70 71 72 73 74 76 #77 78 79 80 81 82 83 84 85 86 


20 LEDs 


oe pm 


TL/H/11754-20 


Trim Ra for Va=0.075V + 100mV/°C X Tambient 


-Example, Va=2.275V at 22°C 
F 


IGURE 13. Bar-Graph Temperature Display (Dot Mode) 
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Typical Applications (continued) 


6v 






LOW TEMPCO 


TL/H/11754-21 
FIGURE 14. LM45 With Voltage-To-Frequency Converter And Isolated Output 
(2.5°C to + 100°C; 25 Hz to 1000 Hz) 


Block Diagram 


1.38 Vetat 
_——P 


Vour =10 mv¥/°C 
0.125 R2 


| 8.8 mv/°C 


TL/H/11754-22 
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LM50B/LM50C 


AD vationat Semiconductor 


LM50B/LM50C 


SOT-23 Single-Supply Centigrade Temperature Sensor 


General Description 


The LM50 is a precision integrated-circuit temperature sen- 
sor that can sense a — 40°C to + 125°C temperature range 
using a single positive supply. The LM50’s output voltage is 
linearly proportional to Celsius (Centigrade) temperature 
(+10 mV/°C) and has a DC offset of +500 mV. The offset 
allows reading negative temperatures without the need for a 
negative supply. The ideal output voltage of the LM50 
ranges from +100 mV to +1.75V for a —40°C to + 125°C 
temperature range. The LM50 does not require any external 
calibration or trimming to provide accuracies of +3°C at 
room temperature and +4°C over the full —40°C to 
+ 125°C temperature range. Trimming and calibration of the 
LM50 at the wafer level assure low cost and high accuracy. 
The LM50’s linear output, +500 mV offset, and factory cali- 
bration simplify circuitry required in a single supply environ- 
ment where reading negative temperatures is required. Be- 
cause the LM50’s quiescent current is less than 130 pA, 
self-heating is limited to a very low 0.2°C in still air. 


Applications 
w Computers 
m Disk Drives 


Connection Diagram 
SOT-23 
1 


m Battery Management 

m Automotive 

@ FAX Machines 

g@ Printers 

mw Portable Medical Instruments 
m HVAC 1%, 

™ Power Supply Modules 


Features 

™ Calibrated directly in ° Celsius (Centigrade) 
@ Linear + 10.0 mV/°C scale factor 

m +2°C accuracy guaranteed at + 25°C 

m Specified for full —40° to + 125°C range 
m@ Suitable for remote applications 

@ Low cost due to wafer-level trimming 

@ Operates from 4.5V to 10V 

@ Less than 130 pA current drain 

@ Low self-heating, less than 0.2°C in still air « 
@ Nonlinearity less than 0.8°C over temp 


Order SOT-23 
Device Marking Supplied As 


+Vg 
LM50BIM3 


250 Units on Tape and Reel 


ni LMS0CIM3 250 Units on Tape and Reel 
é | 


TL/H/12030-1 
Top View 


See NS Package Number M03B 
(JEDEC Registration TO-236AB) 


Typical Applications 
+V 
(4.5V 10 10V) 


OUTPUT 


T5C 





Vour = (10mV/°C x Temp °C) +500 mV 
Vout = +1.750V at +125°C 


Vout 
Vout 


+750 mV at +25°C 
+100 mV at -40°C 


TL/H/12030-3 


FIGURE 1. Full-Range Centigrade Temperature Sensor (— 40°C to + 125°C) 








Absolute Maximum Ratings (note 1) 


Supply Voltage +12V to —0.2V ESD Susceptibility (Note 3): 
Output Voltage (+Vg + 0.6V) to —1.0V Human Body Model 2000V 
Output Current *  40mA Machine Model 200V 
Storage Temperature —65°C to + 150°C . 
Lead cae | Operating Ratings (note 1) 
SOT Package (Note 2): : Specified Temperature Range: 
Vapor Phase (60 seconds) 215°C Tain to Tyax (Note 4) 
Infrared (15 seconds) | 220°C LM50C —40°C to + 125°C 
LM50B —25°C to + 100°C 
Operating Temperature Range —40°C to + 125°C 
Supply Voltage Range (+ Vs) +4,5V to +10V 


Electrical Characteristics uniess otherwise noted, these specifications apply for Vg = +5 Vpc and ILoap = 
+0.5 pA, in the circuit of Figure 7. Boldface limits apply for the specified Ta = Ty = Trin to Trax; all other limits Ta 
= Ty = +25°C, unless otherwise noted. 


LM50B LM50C 
Units 
Parameter Conditions Typical |- Limit Typical Limit (Limit) 
(Note 5) (Note 5) 


Accuracy . Ta = +25°C : +3.0 °C (max) 
(Note 6) Ta = TMAX i +4.0 °C (max) 
Ta = TMIN +4.0 °C (max) 


NonineariyWowr) | Ss ———<d|——SSCi*d ite | | to | “Xmen 


Sensor Gain +9.7 +9.7 mvV/°C (min) 
(Average Slope) +1 eal + eee 0.3 mvV/°C (max) 


Output Resistance | 4000_—*'| | 4000 | 2 (max) 
Line Regulation 4. oor aes < Vs < 10V +0.8 +0.8 mV/V (max) 
(Note 8) +1.2 +1.2 mV/V (max) 
Quiescent Current +4.5V < Vs < +10V 130 130 pA (max) 
(Note 9) 180 180 pA (max) 
Change of Quiescent 4.5V < Vs < 10V pA (max) 
Current (Note 8) 
Temperature Coefficient of pA/?C 
Quiescent Current 
Long Term Stability = Tmax; for £0.08 +0.08 

ee hours 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 


Note 2: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled ‘Surface Mount” ‘found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


Note 3: Human body model, 100 pF discharged through a 1.5 kN resistor. Machine model, 200 pF discharged directly into each pin. 
Note 4: Thermal resistance of the SOT-23 package is 450°C without a heat sink, junction to ambient. 
Note 5: Limits are guaranteed to National's AOQL (Average Outgoing Quality Level). 


Note 6: Accuracy is defined as the error between the output voltage and 10mv/°C times the device’s case temperature, at specified conditions of voltage, current, 
and temperature (expressed in °C). 





Note 7: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature 
range. 


Note 8: Regulation is measured at constant junction temperature, using pulse pene with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 


Note 9: Quiescent current is defined in the circuit of Figure 7. 
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LM50B/LM50C 


Typical Performance Characteristics | 
To generate these curves the LM45 was mounted to a printed circuit board as ‘shown i in Fi igure 32. 


Thermal Resistance Fs Thermal Response in Still Alr 
Junction to Alr Thermal Time Constant with Heat Sink (Figure 2) 


THERMAL RESISTANCE (°C/W) 
. TIME CONSTANT (SEC) 





"PERCENT OF FINAL VALUE (%) 
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Quiescent Current vs is 
Temperature (Figure 1) ' Accuracy vs Temperature _ Nolse Voltage 
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’ Ground Plane 
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- NOISE (nV -JHz) 
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clad board. 


Supply Voltage : . 1/2" 
vs Supply Current Start-Up Response | Bo 





m7 
3 
Load 
a : 
= 2 
3 = 
ca 
= 
a 
20 ps/DIVISION TL/H/12030-19 
SUPPLY VOLTAGE (¥) FIGURE 2. Printed Circuit Board Used 


TL/H/12030-18 for Heat Sink to Generate All Curves. 
¥," Square Printed Circuit Board 
with 2 oz. Foll or Similar 
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1.0 Mounting 


The LM50 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 


cemented to a surface and its temperature will be within 


about 0.2°C of the surface temperature. 


This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM50 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. 


To ensure good thermal conductivity the backside of the 
LM50 die is directly attached to the GND pin. The lands and 
traces to the LM50 will, of course, be part of the printed 
circuit board, which is the object whose temperature is be- 
ing measured. These printed circuit board lands and traces 
will not cause the LM50s temperature to deviate from the 
desired temperature. 


Alternatively, the LM50 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any IC, the LM50 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to ensure that moisture cannot corrode the LM50 or its 
connections. 


Temperature Rise of LM50 Due to Self-Heating 
(Thermal Resistance) 
SOT-23** SOT-23 
no heat sink small heat fin* 
Still air 450°C/W 260°C/W 
Moving air 180°C/W: 


* Heat sink used is 12" square printed circuit board with 2 oz. foil with part 
attached as shown in Figure 2. 


** Part soldered to 30 gauge wire. 


(n + 1) Verat 
— 


*R2 = 2k with a typical 1300 ppm/°C drift. 


2.0 Capacitive Loads 


HEAVY CAPACITIVE LOAD, WIRING, ETC. 


TO A HIGH-IMPEDANCE LOAD 


TL/H/12030~7 
FIGURE 3. LM50 No Decoupling Required 
: for Capacitive Load 


0.1 pF BYPASS LW 





TL/H/12030-8 
FIGURE 4. LM50C with Filter for Noisy Environment 


The LMS50 handles capacitive loading very well. Without any 
special precautions, the LM50 can drive any capacitive load. 
The LMS50 has a nominal 2 kN. output impedance (as can be 


‘seen in the block diagram). The temperature coefficient of 
‘the output resistors is around 1300 ppm/°C. Taking into ac- 


count this temperature coefficient and the initial tolerance of 


the resistors the output impedance of the LM50 will not ex- 
~ ceed 4 kf. In an extremely noisy environment it may be 


necessary to add.some filtering to minimize noise pickup. It 
is recommended that 0.1 »F be added from Vij to GND to 
bypass the power supply voltage, as shown in Figure 4. Ina 
noisy environment it may be necessary to add a capacitor 


_ from the output to ground. A 1 pF output capacitor with the 


4 kQ. output impedance will form a 40 Hz lowpass filter. 
Since the thermal time constant of the LM50is much slower 
than the 25 ms time constant formed by the RC, the overall 
response time of the LM50 will not be significantly affected. 
For much larger capacitors this additional time lag will in- 
crease the overall response time of the LM50. 


4 


Vout =(10 mv/°C + 500 mv) 


17 R2 


TL/H/12030-17 


FIGURE 5. Block Diagram 
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LM50B/LM50C 


3.0 Typical Applications . 


LM4040 LM7101 


: TL/H/12030-11 
FIGURE 6. Centigrade Thermostat/Fan Controller 


SERIAL 
DATA OUTPUT 


CLOCK 
ENABLE 


GND 
TL/H/12030-13 


FIGURE 7. Temperature To Digital Converter (Serial Output) (+ 125°C Full Scale) 


PARALLEL 
DATA 
OUTPUT 


TL/H/12030-14 
FIGURE 8. Temperature To Digital Converter (Parallel TRI-STATE® Outputs for 
Standard Data Bus to p:P Interface) (125°C Full Scale) 
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3.0 Typical Applications (Continued) 


FIGURE 9. LM50 With Voltage-To-Frequency Converter And Isolated Output 
(— 40°C to + 125°C; 100 Hz to 1750 Hz) 


4.0 Recommended Solder Pads for SOT-23 Package | 


SOT-23 


0.030” sie i 


i. i 


0.120” MIN — er 0.060” 


oe +0.005” 
ir a! 





TL/H/12030-20 
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LM4040 


AY vational Semiconductor 


LM4040 


Precision Micropower Shunt Voltage Reference 


General Description 


Ideal for space critical applications, the LM4040 precision 
voltage reference is available in the sub-miniature (8 mm x 
1.38 mm) SOT-23 surface-mount package. The LM4040’s 
advanced design eliminates the need for ar external stabi- 
lizing capacitor while ensuring stability with any capacitive 
load, thus making the LM4040 easy to use. Further reducing 
design effort is the availability of several fixed reverse 
breakdown voltages: 2.500V, 4.096V, 5.000V, 8.192V, and 
10.000V. The minimum operating current increases from 
60 pA for the LM4040-2.5 to 100 A for the LM4040-10.0. 
Ali versions have a maximum operating current of 15 mA. 


The LM4040 utilizes fuse and zener-zap reverse breakdown 
voltage trim during wafer sort to ensure that the prime parts 
have an accuracy of better than +0.1% (A grade) at 25°C. 
Bandgap reference temperature drift curvature correction 
and low dynamic impedance ensure stable reverse break- 
down voltage accuracy over a wide range of operating tem- 
peratures and currents. 


Also available is the LM4041 with two reverse breakdown 
voltage versions: adjustable and 1.2V. Please see the 
LM4041 data sheet. 


Features 
a Small packages: SOT-23, TO-92, and SO-8 
@ No output capacitor required 


Connection Diagrams 


SOT-23 
1 


+ 3° 


TL/H/11323-1 
*This pin must be left floating or connected to pin 3. 
Top View 


See NS Package Number M03B 
(JEDEC Registration TO-236AB) 


‘m Wide operating current range 


m Tolerates capacitive loads 

m Fixed reverse breakdown voltages of 2.500V, 4.096V, 
5.000V, 8.192V, and 10.000V. . 

m= Contact National Semiconductor Analog Marketing for 
parts with extended temperature range 


Key Specifications (1m4040-2.5) 

@ Output voltage tolerance (A grade, 25°C) +0.1% (max) 
m Low output noise (10 Hz to 10 kHz) 35 wVims (typ) 
60 nA to 15 mA 
m Industrial temperature range —40°C to + 85°C 
@ Low temperature coefficient 100 ppm/°C (max) 
m Contact National Semiconductor Analog Marketing for 

parts with lower temperature coefficient 


Applications 

m Portable, Battery-Powered Equipment 
g@ Data Acquisition Systems 

@ Instrumentation 

m Process Control 

m Energy Management 

m Product Testing 

w Automotive 

w Precision Audio Components 


TL/H/11323-2 
Top View 


See NS Package Number M08A 


TL/H/11323-3 


Bottom View 
See NS Package Number Z03A 








Ordering Information 


Reverse Breakdown 
Voltage Tolerance at 25°C 
and Average Reverse Breakdown 
Voltage Temperature Coefficient 


+0.1%, 100 ppm/°C max (A grade) 


+0.2%, 100 ppm/°C max (B grade) 


+0.5%, 100 ppm/°C max (C grade) 


+ 1.0%, 150 ppm/°C max (D grade) 


+2.0%, 150 ppm/°C max (E grade) 


LM4040AIM3-2.5, 
LM4040AIM93-4.1, 
LM4040AIM3-5.0, 
LM4040AIM3-8.2, 
LM4040AiM3-10.0 


See NS Package 
Number M03B 


LM4040BIM3-2.5, 
LM4040BIM3-4.1, 
LM4040B1M3-5.0, 
LM4040BIM3-8.2, 
LM4040BIM3-10.0 


See NS Package 
Number M03B 


LM4040CIM3-2.5, 
LM4040CIM3-4.1, 
LM4040CIM3-5.0, 
LM4040CIM3-8.2, 
LM4040CIM3-10.0 


See NS Package 
Number M03B 


LM4040DIM3-2.5, 
LM4040DIM3-4.1, 
LM4040DIM3-5.0, 
LM4040DIM3-8.2, 
LM4040DIM3-10.0 


See NS Package 
Number M03B 


LM4040EIM3-2.5 


See NS Package 
Number M03B 
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Package 


LM4040AIZ-2.5, 
LM4040AIZ-4.1, 
LM4040AIZ-5.0, 
LM4040A!Z-8.2, 
LM4040AIZ-10.0 


See NS Package 
Number Z03A 


LM4040BIZ-2.5, 
LM4040BiZ-4.1, 
LM4040BiZ-5.0, 
LM4040BiZ-8.2, 
LM4040BIZ-10.0 


See NS Package 
Number Z03A 


LM4040CIZ-2.5, 
LM4040ClZ-4.1, 
LM4040CIZ-5.0, 
LM4040CIZ-8.2, 
LM4040CIZ-10.0 


See NS Package 
Number Z03A 


LM4040DIZ-2.5, 
LM4040DIZ-4.1, 
LM4040DIZ-5.0, 
LM4040DIZ-8.2, 
LM4040DIZ-10.0, 


See NS Package 
Number Z03A 


LM4040EIZ-2.5 


See NS Package 
Number Z03A 





M (SO-8) 


LM4040AIM-2.5, 
LM4040AIM-4.1, 
LM4040AIM-5.0, 
LM4040AIM-8.2, 
LM4040AIM-10.0 


See NS Package 
Number M08A 


LM4040BIM-2.5, 
LM4040BIM-4.1, 
LM4040BIM-5.0, 
LM4040BIM-8.2, 
LM4040BIM-10.0 


See NS Package 
Number MO8A 


LM4040CIM-2.5, 
LM4040CIM-4.1, 
LM4040CIM-5.0, 
LM4040CIM-8.2, 
LM4040CIM-10.0 


See NS Package 
Number MO8A 


LM4040DIM-2.5, 
LM4040DIM-4.1, 
LM4040DIM-5.0, 
LM4040DIM-8.2, 
LM4040DIM-10.0 


See NS Package 
Number MO8A 


OvOPWT 





LM4040 


SOT-23 Package Marking Information 


’ Only three fields of marking are pose on the SOT-23’s small surface. This table gives the meaning i the three fields. 


Part Marking . : Field Definition 


First Field: 
R = Reference 

Second Field: 
2 = 2.500V Voltage Option 
4 = 4,096V Voltage Option 
5 = 5,000V Voltage Option 
8 = 8.192V Voltage Option 
O= 10,000¥ Voltage Option 

"| Third Field: : : 

A-E = Initial Reverse Breakdown Voltage or Reference Voltage Tolerance 
A= £0.1%,B = +0.2%,C = +0.5%,D = +1.0%, E = +2.0%. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, ESD Susceptibility 
please contact the National Semiconductor Sales Human Body Model (Note 3) , 2kV 
Office/Distributors for availability and specifications. * Machine Model (Note 3) as 200V 
Reverse Current 20 mA See AN-450 “Surface Mounting Methods and Their Effect 
Forward Current -  40mA on Product Reliability” for other methods of soldering sur- 
Power Dissipation (Ta = 25°C) (Note 2) face mount devices: 
M Package 540 mW . . 
“M3 Package | 306, ,w ._-~«OPerrating Ratings (notes 1 & 2) 
Z Package 550 mW Temperature Range 
Storage Temperature —65°C to + 150°C (Tmin S$ TA S Tmax) es ~40°C < Tas +85°C 
Lead Temperature ; Reverse Current 
~ M and M3 Packages LM4040-2.5 60 pA to 15 mA 
Vapor phase (60 seconds) — +215°C LM4040-4.1 . 68 pAto15mA 
Infrared (15 seconds) +220°C ~ —« LM4040-5.0 | 74 pA to 15 mA 
Soldering (10 seconds) + 260°C LM4040-10.0 100 pA to 15 mA 
LM4040-2.5 


Electrical Characteristics | 
Boldface limits apply for Ta = Ty = Tain to Tay; all other limits Ta = Ty = 25°C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of +0.1% and +0.2%, respectively. 


ao OY oo LM4040AIM | LM4040BIM 
Typical | LM4040AIM3 | LM4040BIM3 inc 
Symbol Parameter Conditions yP LM4040AIz | LM4040BIZ 
' (Note 4) (Limit) 
Limits Limits 
; (Note 5) _ (Note 5) 


| Vr. Reverse Breakdown Voltage j IR = 100 pA 





60 60 pA (max) 
65 65 pA (max) 





IRMIN Minimum Operating Current are pA 





Reverse Breakdown Voltage | IR = 100 nA +2.5 +5.0 mV (max) 
Tolerance (Note 6) +19 +21 mV (max) 
+20 
















AVp/AT | Average Reverse Breakdown | Ip = 10mA ppm/°C 
Voltage Temperature la =1mA £15 £100 +100 ppm/°C (max) 
Coefficient IR = 100 pA +15 ppm/°C 

AVp/Alm | Reverse Breakdown Voltage | InmiIn SIR S 1 MA mV 





Change with Operating 
Current Change 


8 0.8 mV (max) 
1.0 1.0 mV (max) 


1mA <IRp<15mA mV 
6.0 6.0 mV (max) 
8.0 8.0 mV (max) 

ZR ' | Reverse Dynamic Impedance | IR = 1mA,f = 120 Hz, 2 
lac = 0.1 IR 2. (max) 
en Wideband Noise IR = 100 pA 


AVr Reverse Breakdown Voltage | t = 1000hrs 
Long Term Stability T = 25°C +0.1°C 120 
IR = 100 pA 


ppm 
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LM4040 


LM4040-2.5 (Continued) 


Electrical Characteristics (Continued) - 


Boldface limits apply for Ta = Ty = Twin to Tax; all other limits sTa, =Ty= 25°C, The grades C, D and E Geptanate initial 
Reverse Breakdown Voltage tolerances of +0.5%, +1.0% and +2.0%, respectively. 


Symbol Parameter Conditions Units 


Limits Limits Limits (Limit) 
aes 5) eae 5) meee 5) 





Vr Reverse Breakdown Voltage [in = 100 pA 
Reverse Breakdown Voltage [ln = 100 pA - + 4 + + + — mV (max) 
Tolerance (Note 6) +29 +49 +74 mV. ee 
IRMIN {Minimum Operating Current 
; pA ae 
pA (max) 
AVp/AT | Average Reverse Breakdown |I_p = 10 mA +20 ppm/°C 
+15 +100 +150 +1 50 pene (max) 
£15 _— 
0.4 











Voltage Temperature 
Coefficient 


AVpr/Alp| Reverse Breakdown Voltage. |lnmin < Ig < 1mA- 





Change with Operating — ari se 

Current Change _ mV (max) 
1mA< Ip < 15mMA mV 

6.0 8.0 mV (max) 

8.0 10.0 mV ~ 





ZR Reverse Dynamic Impedance |I_; = 1 mA, f = 120 Hz 
lac = 0.11pm ae 
eN -.|Wideband Noise IR = 100 pA V 
10 Hz < f < 10 kHz Bans 


AVR «° |Reverse Breakdown Voltage |t = 1000 hrs : 
__ {Long Term Stability T= 25°C +0.1°C 
an . Ip = 100 pA 
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LM4040-4.1 


Electrical Characteristics ae a 
Boldface limits apply for Ta = Ty = Twin to Tyax; all other limits Ta = Ty = 25°C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of +0.1% and +0.2%, respectively. P ws 


| LM4040AIM | LM4040BIM 
| LM4040AIM3 | LM4040BIM3 
Symbol Parameter Conditions Typical | i wao4oaiz | La4o4opiz | Units 
(Note 4) (Limit) 
: Limits Limits 
a (Note5) | (Note 5) 


Vr Reverse Breakdown Voltage IR = 100 pA 4.096 ae Vv 

. Reverse Breakdown Voltage IR = 100 pA +4.1 +8.2 mV (max) 
Tolerance (Note 6) +31 £35 |. -mV (max) 

. — ere ts 


pA (max) 

AVR/AT. Average Reverse Breakdown Voltage | Ip = 10 mA +30 . ppm/°C 
Temperature Coefficient IR =1mA +20 +100 +100 ppm/°C (max) 

IR = 100 pA +20 ppm/°C 





pA (max) 







AVp/Alp Reverse Breakdown Voltage Change | Inwin < !R < 1 mA mV . 
- | with Operating Current Change mV (max) 
mV (max) 


1mA <_< 15mA 


mV 
7.0 7.0 mV (max) 
10.0 10.0 mV (max) 


ZR Reverse Dynamic Impedance IR = 1mA,f = 120 Hz, 2 
lac = 0.1 IR 2 (max) 
en __| Wideband Noise In = 100 pA 
10 Hz < f < 10 kHz en 
AVR Reverse Breakdown Voltage Long t = 1000 hrs 
Term Stability T = 25°C £0.1°C . ppm 
IR = 100 pA 
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LM4040 


LM4040-4.1 (Continued) 


Electrical Characteristics (Continued) ? ojos 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. The grades C and D designate initial 
Reverse Breakdown Voltage tolerances of +0.5% and + 1.0%, respectively. : 


. Se LM4o4ocim | LM4040DIM 
: | LM4040CIM3 | LM4040DIM3 
Symbol Parameter Conditions: | TYP!) | uagogociz | Laaoaopiz | Uns 
(Note 4) (Limit) 
Limits Limits 
(Note 5) (Note 5) 


VR Reverse Breakdown Voltage IR = 100 pA , ‘| 4,096 ar ee ; Vv 


Reverse Breakdown Voltage - IR = 100 pA +20: +41 mV (max) 
"+ | Tolerance (Note 6) +47 +81 mV (max) 


; pA , 
73 pA (max) 
78 pA (max) 





IRMIN Minimum Operating Current 


























AVpr/AT | Average Reverse Breakdown Voltage | Ip = 10 mA ppm/°C 
- .1| Temperature Coefficient ppm/°C (max) 
ppm/*C 
AVp/Alp | Reverse Breakdown Voltage Change | Ipmin:S IR s 1 mA mV 
with Operating Current Change " mV (max) 
7 . : mV (max) 
1mA<sI!p<15mA mV 
mV (max) 
mV (max) 
ZR Reverse Dynamic Impedance IR = 1mA,f = 120 Hz, co) 
~ | lac = 0.1 IR 2 (max) 
eN Wideband Noise IR = 100 pA V 
10 Hz < f < 10 kHz Ties 
AVR Reverse Breakdown Voltage Long t = 1000 hrs 
Term Stability T = 25°C £0.1°C ppm 





IR = 100 pA 
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LM4040-5.0 


Electrical Characteristics 
Boldface limits apply for Ta = Ty = Tain to Tax; all other limits Ta = Ty = 25°C. The aanaeh A and B Een initial 
Reverse Breakdown Voltage tolerances of +0.1% and +0.2%, respectively. 


LM4040AIM | LM4040BIM 
. LM4040AIM3 | LM4040BIM3 Units 
Symbol Parameter Conditions . LM4040AIZ | -LM4040B!Z (Limi t) 
Limits Limits 
(Note 5) (Note 5) 


Va Reverse Breakdown Voltage IR = 100 pA Lc a eS Vv 


Reverse Breakdown Voltage IR = 100 pA +5.0 +10 mV (max) 
Tolerance (Note 6) +38 £43 mV (max) 


IRMIN Minimum Operating Current 


Ororint 





AVp/AT | Average Reverse Breakdown Voltage | |; = 10 mA . 
Temperature Coefficient = : ppm/°C (max) 
ppm/°C 


AVR/AlR Reverse Breakdown Voltage Change | Inyin < IR < 1 mA ~ mV 
with Operating Current Change F Od mV (max) 
mV (max) 


imA<IpR<15mA mV 
mV (max) 
mV (max) 


ZR Reverse Dynamic Impedance In = 1mA,f = 120 Hz, 0} 
lac = 0.1 IR : 2 (max) 
_| Wideband Noise IR = 100 pA Vv 

10 Hz < f < 10 kHz pens 


Reverse Breakdown Voltage Long t = 1000 hrs 
Term Stability T = 26°C £0.1°C "ppm 
IR = 100 pA 
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LM4040 


4 
fe] 
AVpR/Alp | Reverse Breakdown Voltage Change | I_pwin < IR < 1 mA 
with Operating Current Change 1.0 
1.3 


LM 4040-5.0 (Continued) 


Electrical Characteristics (Continued) 
Boldface limits apply for Ta = Ty = Twin to Tyax:; all other limits Ta = Ty = 25°C. The grades C and D designate initial 
Reverse Breakdown Voltage tolerances of +0.5% and +1.0%, respectively. : 


Lu4o4ocim | LM4040DIM 
| | LM4040CIM3 | LM4040DIM3 
Parameter Conditions Typical | | waogociz | LM4040DIz Units 
(Note 4) (Limit) 
Limits Limits 
(Note 5) (Note 5) 


Vr Reverse Breakdown Voltage In = 100 pA ' | 5.000 | —i 
Reverse Breakdown Voltage IR = 100 pA £25 - +50 
Tolerance (Note 6) +58 +99 
IRMIN Minimum Operating Current 
7 79 
; 8 


AVp/AT | Average Reverse Breakdown Voltage | |R = 10 mA +30 
Temperature Coefficient IR = 1mA +20 +100 +150 ppm/°C (max) 
IR = 100 pA ‘| +20 ppm/°C 

mV 
mV (max) 
mV (max) 
1mA<IRp<15mA | mV 
mV (max) 
mV (max) 


ZR Reverse Dynamic Impedance IR = 1mA,f = 120 Hz, 2 
lac = 0.1 1p : 2 (max) 





en Wideband Noise IR = 100 pA Vv 
10 Hz <f < 10 kHz poumne 


AVR Reverse Breakdown Voltage Long t = 1000 hrs 
Term Stability T = 25°C £0.1°C 
IR = 100 pA 
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LM4040-8.2 


Electrical Characteristics 
Boldface limits apply for Ta = Ty = Twin to Tuax; all other limits Ta = Ty = 25°C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of +0.1% and +0.2%, respectively. 


LM4040AIM | LM4040BIM 
LM4040AIM3 | LM4040BIM3 
LM4040AIZ | LM4040BIZ 
Limits Limits 
(Note 5) (Note 5) 


Units 
(Limit) 


Typical 


Symbol Parameter Conditions (Note 4) 


Va Reverse Breakdown Voltage IR = 150 pA Vv 
Reverse Breakdown Voltage IR = 150 pA : mV (max) 
Tolerance (Note 6) mV (max) 
pA 
pA (max) 


Minimum Operating Current 


= 
ad 
° 


pA (max) 

mV 

1mA <Ip <15mA 7.0 mV 
10.0 i mV (max) 
18.0 mV (max) 


AVR/AT | Average Reverse Breakdown Voltage | IR = 10 mA . +40 ppm/°C 
Temperature Coefficient +20 +100 +100 ppm/°C (max) 
= +20 ppm/°C 
AVp/ Alp | Reverse Breakdown Voltage Change | IRmin < IR < 1 mA 
with Operating CurrentChange mV (max) 
mV (max) 
ZR Reverse Dynamic Impedance IR = 1mA,f = 120 Hz, 0} 
lac = 0.1 1p 2 (max) 
eN Wideband Noise IR = 150 pA 
10 Hz < f < 10 kHz 


B-Vims 


AVR Reverse Breakdown Voltage Long t = 1000 hrs 
Term Stability T = 25°C +0.1°C 
IR = 150 pA 


ppm 


_ 
ai 
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LM4040 


LM4040-8.2 (Continued) 
Electrical Characteristics (continuea) 


Boldface limits apply for Ta = Ty =' Twin to Tmax: al! other limits Ta = Ty = 25°C. Th 
Reverse Breakdown Voltage tolerances of +0.5% and.+ 1.0%, respectively. 


Symbol '. Parameter ‘| Conditions 


Vr Reverse Breakdown Voltage IR = 150 pA 
IR 


' | Reverse Breakdown Voltage = 150 pA 
Tolerance (Note 6) . 


IRMIN Minimum Operating Current 


AVp/AT | Average Reverse Breakdown Voltage | Ip = 10 mA 
oe Temperature Coefficient — - I; = 1mA 
IR = 150 pA 


AVp/ Alp | Reverse Breakdown Voltage Change | IRwin < IR S$ 1mA 
. | with Operating Current Change 


1mA < I< 15mA’ 


ZR Reverse Dynamic Impedance IR = 1 mA, f = 120 Hz, 
lac = 0.1 1p . 


Wideband Noise | Ip.= 150 pA 
10 Hz < f < 10 kHz 


en 
AVA Reverse Breakdown Voltage Long t = 1000 hrs 
Term Stability T = 28°C +0.1°C 
IR = 150 pA 
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@ grades C and D designate initial 


LM4040CIM | LM4040DIM 


Typical 


(Note 4) LM4040CIZ 


Limits 
(Note 5) 


$44. 
+94 
67 Lo 
91 
. 95 
+40 


+20 
+20 





LM4040CIM3 | LM4040DIM3 


Units 


LM4040DIZ (Limit) 


Limits 
(Note 5) 
+82 ’ mV (max) 

. £162 : mV (max) 


ppm/°C (max) 
ppm/°C 
mV . 
mV (max) 
mV (max) 
mV 
mV (max) 
mV (max) 
2 
2 (max) 


HVims 


ppm 





LM4040-10.0 


Electrical Characteristics 
Boldface limits apply for Ta = Ty = Twin to Tax; all other limits ae = Ty = 25°C. The oe A and B aero initia! 
Reverse Breakdown Voltage tolerances of 0.1% and +0.2%, respectively. 


LM4040AIM | LM4040BIM 
: LM4040AIM3 | LM4040BIM3 
Symbol Parameter Conditions Fy peal LM4040AIZ | LM4040BIZ ae 
, (Note 4) (Limit) 
Limits Limits 
(Note 5) (Note ae 


Vr Reverse Breakdown Voltage IR = 150 pA | 1000 | sd Vv 
Reverse Breakdown Voltage IR = 150 pA +10 + —- mV (max) 
Tolerance (Note 6) +75 +85 mV (max) 
_ eo Pf tetet 
AVpR/AT | Average Reverse Breakdown Voltage | |p = 10 mA 
Temperature Coefficient. IR = 1mA +100 +100 ppm/°C (max) 
IR = 150 pA ppm/°C 
AVpA/ Alp | Reverse Breakdown Voltage Change | Ipyin < IR < 1 MA mV 
with Operating Current Change mV (max) 
mV (max) 
1mA<IR<15mA mV 
mV (max) 
mV (max) 
Reverse Dynamic Impedance IR = 1 mA, f = 120 Hz, 0.7 2 
lac = 0.1 1p 1.7 1.7 2 (max) 


OVOP 


Wideband Noise IR = 150 pA Vv 
10 Hz < f < 10 kHz ie 

Reverse Breakdown Voltage Long t = 1000 hrs 

Term Stability T = 28°C +0.1°C ppm 
IR = 150 pA 
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LM4040-10.0 (Continued) 


Electrical Characteristics (Continued) 


Boldface limits apply for Ta = Ty = Tain to Tmax; all other limits Ta = Ty = 25°C. The grades C and D designate initial 
Reverse Breakdown Voltage tolerances of +0.5% and +1.0%, respectively. 


LM4040CIM | LM4040DIM 
LM4040CIM3 | LM4040DIM3 
Typical Unit 
ape a)| LMAo4ociz | LM4o40DIz te “7 
Limits Limits 


(Note 5) (Note 5) 


Parameter. . Conditions 


VR Reverse Breakdown Voltage [IR = 150 pA 


Reverse Breakdown Voltage IR = 150 pA ek - mV (max) 
Tolerance (Note 6) 2 “mV (max) 


lamin, | Minimum Operating Current pA 
pA (max) 
dis AT | Average Reverse Breakdown Voltage ' - ee -ppm/°C 

: Temperature Coefficient - | ppm/°C (max) 

, ppm/°C 

Reverse Breakdown Voltage Change ae <in<1mA ee mV: 
with Operating Current Change : 2. | mV (max) 
. mV (max) 

1mA <IRp<15mA mV 
mV (max) 
mV (max) 


Reverse einen: alas = 1mA,f = 120 Hz, , Qn. 
i = 0.1IR : 2 (max) 


Wideband Noise = 150 pA Vv 
ee One: HM'rms 


Reverse Breakdown Voltage Long t = 1000 hrs 
Term Stability T = 25°C +0.1°C 
IR = 150 pA 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 


Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by TJmax (maximum junction temperature), @)4 (junction to 
ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Tymax — Ta)/Oya or the 
number given in the Absolute Maximum Ratings, whichever is lower. For the LM4040, Tjmax = 125°C, and the typical thermal resistance (6a), when board 
mounted, is 185°C/W for the M package, 326°C/W for the SOT-23 package, and 180°C/W with 0.4” tead length and 170°C/W with 0.125” lead length for the 
TO-92 package. 


Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kf resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 


Note 4: Typicals are at Ty = 25°C and represent most likely parametric norm. 


Note 5: Limits are 100% production tested at 25°C. Limits over temperature are guaranteed through correlation using Statistical Quality Control (SQC) methods. 
The limits are used to calculate National's AOQL. 


Note 6: The boldface (over-temperature) limit for Reverse Breakdown Voltage Tolerance is defined as the room temperature Reverse Breakdown Voltage 
Tolerance + [(AVR/AT){(65°C)(V_)]. AVR/AT is the V_ temperature coefficient, 65°C is the temperature range from —40°C to the reference point of 25°C, and Va 
is the reverse breakdown voltage. The total over-temperature tolerance for the different grades is shown below: 


A-grade: +0.75% = +0.1% +100 ppm/*C x 65°C 
B-grade: 0.85% = +0.2% +100 ppm/*C X 65°C 
C-grade: +1.15% = +0.5% +100 ppm/*C x 65°C 
D-grade: +1.98% = +1.0% +150 ppm/°C x 65°C 
E-grade: +2.08% = +2.0% +150 ppm/*C x 65°C 
Therefore, as an example, the A-grade LM4040-2.5 has an over-temperature Reverse Breakdown Voltage tolerance of +2.5V Xx 0.75% = +19 mV. 
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Typical Performance Characteristics 


OvOrINT 


Temperature Drift for Different 
Average Temperature Coefficient Output Impedance vs Frequency 
5 1k 


S h= hun * 100 WA 
NT) = 25°C, Ale =0.1 lp 
“ 
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Reverse Characteristics and 
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TL/H/11323-11 TL/H/11323-12 

Noise Voltage vs Frequency - 
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TL/H/11323-13 
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LM4040 


Start-Up Characteristics 





V, 
. ° IN 
Test Circuit 1H 


State LM4040 


TL/H/11323-5 


LM4040-2.5 Rs = 30k 


Vin (V) 


“Vp (V) 





0 20 40 60 80. 


RESPONSE TIME (js) 
‘ TL/H/11323-7 


LM4040-5.0 Rg = 30k LM4040-10.0 Rg = 30k 


Vin (¥) 


Vp (V) 


Vp (Vv) 





ie al 
ea 





0 100 200 300 400 0 | 100 200 300 400 
RESPONSE TIME (zs) » LBs : RESPONSE TIME (8) 


TL/H/11323-8 TL/H/11323-9 
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Functional Block Diagram 





Applications Information 


The LM4040 is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. For space critical applica- 
tions, the LM4040 is available in the sub-miniature SOT-23 
surface-mount package. The LM4040 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the “+” pin and the “—” pin. If, 
however, a bypass capacitor is used, the LM4040 remains 
stable. Reducing design effort is the availability of several 
fixed reverse breakdown voltages: 2.500V, 4.096V, 5.000V, 
8.192V, and 10.000V. The minimum operating current in- 
creases from 60 A for the LM4040-2.5 to 100 pA for the 
LM4040-10.0. All versions have a maximum operating cur- 
rent of 15 mA. 


LM4040s in the SOT-23 packages have a parasitic Schottky 
diode between pin 3 (—) and pin 1 (Die attach interface 
contact). Therefore, pin 1 of the SOT-23 package must be 
left floating or connected to pin 3. 


The 4.096V version allows single +5V 12-bit ADCs or 
DACs to operate with an LSB equal to 1 mV. For 12-bit 
AOCs or DACs that operate on supplies of 10V or r greater, 
the 8.192V version gives 2 mV per LSB. 

In a conventional shunt regulator application (Figure 71), an 
external series resistor (Rs) is connected between the sup- 
ply voltage and the LM4040. Rs determines the current that 
flows through the load (iL) and the LM4040 (Iq). Since load 
current and supply voltage may vary, Rs should be small 
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enough to supply at least the minimum acceptable Iq to the 
LM4040 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and I, is at its minimum, Rs 
should be large enough so that the current flowing through 
the LM4040 is less than 15 mA, 


Rs is determined by the supply voltage, (Vs), the load and 
operating current, (IL and Iq), and the LM4040’s reverse 
breakdown voltage, Vp. 

Vs -—V 

Rg = ——8 

IL + la 


Typical Applications 


Vs 


RS path 
—» | 
Vp 


hla 


LM4040 


TL/H/11323-15 
FIGURE 1. Shunt Regulator 


OvoriN1 


LM4040 


Typical Applications (continued) 


3.5 MHz 





ADC 12451 
12-bit 
+ 
Sign 
8 us 
Analog- 
to- 
Digital 


Converter 








AGND 










pane i 


**Ceramic monolithic 
*Tantalum 


O +5V 


9090 








FIGURE 2. LM4040-4.1’s Nominal 4.096 breakdown voltage gives ADC 12451 1 mV/LSB 


IN4148 


+15V 


15kn 


IN4148 





— 0 
~15V 


TL/H/11323-17 


LM4040-4.1 


TL/H/11323~16 


FIGURE 3. Bounded amplifier reduces saturation-induced delays and can prevent succeeding stage damage. 
Nominal clamping voltage is + 11.5V (LM4040’s reverse breakdown voltage + 2 diode Vr). 
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Typical Applications (Continued) 


4700 
D4 D1-D6=1N914 


LM4040-2.5 
05 


TL/H/11323-18 
FIGURE 4. Protecting Op Amp input. The bounding voltage is + 4V with the LM4040-2.5 
(LM4040’s reverse breakdown voltage + 3 diode Vr). 


+5V £5% 
@ 


904, 1% 


LM4040~4.1 47k, 0.1% 
47k2,0.1% 


TL/H/11323-19 
FIGURE 5. Precision + 4.096V Reference 
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Typical Applications (Continued) 


-1.0V TO -12V 


DIGITAL 


CONTROL Lede ae 


#12V" 
) 


1/2LMC6062 
DUAL 
5 OP-AMP 


1/2 LMC6062 
“DUAL 
OP-AMP 3 


2.5V 


1 
lout 2490. lean set # 


TL/H/11323-20 
FIGURE 6. Programmable Current Source 


LM4040-2.5 
LM4040-2.5 


1.0V TO 12V 
, TL/H/11923-22 


TL/H/11323-21 
FIGURE 7. Precision 1 1A to 1 mA Current Sources 
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NV vational Semiconductor 


LM4041 


Precision Micropower Shunt Voltage Reference 


General Description 


Ideal for space critical applications, the LM4041 precision © 


voltage reference is available in the sub-miniature (3 mm x 
1.3 mm) SOT-23 surface-mount package. The LM4041’s 
advanced design eliminates the need for an external stabi- 
lizing capacitor while ensuring stability with any capacitive 
load, thus making the LM4041 easy to use. Further reducing 
design effort is the availability of a fixed (1.225V) and adjust- 
able reverse breakdown voltage. The minimum operating 
current is 60 A for the LM4041-1.2 and the LM4041-ADJ. 
Both versions have a maximum operating current of 12 mA. 


The LM4041 utilizes fuse and zener-zap reverse breakdown 
or reference voltage trim during wafer sort to ensure that the 


prime parts have an accuracy of better than +0.1% _ 


(A grade) at 25°C. Bandgap reference temperature drift cur- 
vature correction and low dynamic impedance ensure stable 
reverse breakdown voltage accuracy over a wide range of 
operating temperatures and currents. - 


Features 

m= Small packages: SOT-23, TO-92, and SO-8 
@ No output capacitor required 

m Tolerates capacitive loads 


Connection Diagrams 


SOT-23 


TL/H/11392-1 


*This pin must be left floating or 
connected to pin 3. 


TL/H/11392-40 


Top View 


See NS Package Number M03B 
(JEDEC Registration TO-236AB) 


m Reverse breakdown voltage options of 1.225V and 
adjustable 

= Contact National Semiconductor Analog Marketing for 
parts with extended temperature range 


Key Specifications (1m4041-1.2) 

@ Output voltage tolerance (A grade, 25°C) +0.1% (max) 
@ Low output noise (10 Hz to 10 kHz) 20 2Vims (typ) 
m Wide operating current range 60 pA to 12 mA 
m Industrial temperature range —40°C to + 85°C 
mg Low temperature coefficient 100 ppm/°C (max) 


Applications 

Portable, Battery-Powered Equipment 
Data Acquisition Systems 
Instrumentation 

Process Control 

Energy Management 

Product Testing 

Automotive 

Precision Audio Components 


+ 

NC 
NC 
FB 


8 
7 
6 
5 


ADJ 
TL/H/11392-2 TL/H/11392~31 


Top View 
See NS Package Number M08A_ 


TO-92 


NC + = 
3 2 1 
1.2V 


TL/H/11392-3 


FB + 7 
3 2 1 
ADJ 


TL/H/11392-32 


Bottom View 
See NS Package Number Z03A 
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LM4041 


Ordering Information 


Reverse Breakdown 
Voltage Tolerance at 25°C 
and Average Reverse Breakdown 
Voltage Temperature Coefficient 


+0.1%, 100 ppm/*C max (A grade) LM4041AIM3-1.2 


See NS Package 
Number M03B . 


+0.2%, 100 ppm/°C max (B grade) “LM4041BIM3-1.2 


See NS Package 
Number M03B 


LM4041CIM3-1.2 
LM4041CIM3-ADJ 


£0.5%, 100 ppm/°C max (C grade) 


See NS Package 
Number M03B 


_ LM4041DIM3-1.2 
LM4041DIM3-ADJ 


+ 1.0%, 150 ppm/°C max (D grade) _ 


See NS Package 
Number M03B 


+2.0%, 150 ppm/°C max (E grade) LM4041EIM3-1.2 


. See NS Package 
Number M03B 


SOT-23 Package Marking Information 


Package 


LM4041AIZ-1.2 


See NS Package 
. Number Z03A 


LM4041BIZ-1.2 


See NS Package 
Number Z03A 


LM4041ClZ-1.2, 
LM4041CIZ-ADJ 


See NS Package 
Number Z03A 


LM4041DIZ-1.2, 
LM4041DIZ-ADJ 


See NS Package 
Number Z03A 


LM4041EIZ-1.2 


See NS Package 
Number Z03A 


: M(SO-8) 


‘LM4041AIM-1.2 


-. See NS Package 


Number MO8A 
LM4041BIM-1.2 


See NS Package 
Number MO8A 


LM4041CIM-1.2, 
LM4041CIM-ADJ 


See NS Package 
Number MO8A 

LM4041DIM-1.2, 

LM4041DIM-ADJ 


See NS Package 
Number M08A 


Only three fields of marking are possible on the SOT-23’s small surface. This table gives the meaning of the three fields. 


Part Marking 


R1iA : First Field: 
R1B R = Reference 
RiC Second Field: 


R1D = 1.225V Voltage Option 


RIE A = Adjustable 
fe Third Field: 


Field Definition 


RAC A-E = Initial Reverse Breakdown 


RAD Voltage or Reference Voltage Tolerance 
: = +0.2%,C = +0.5%,D = +1.0%, E = +2.0% 


A= £0.1%, 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Reverse Current 20 mA 
Forward Current 10 mA 
Maximum Output Voltage - 
(LM4041-ADJ) , 15V 
Power Dissipation (Ta = 25°C) (Note 2) 
M Package 
M3 Package 
Z Package 
Storage Temperature 
Lead Temperature 
M and M3 Packages 
___Mapor phase (60 seconds) 
Infrared (15 seconds) 
Z Package 
Soldering (10 seconds) 


LM4041-1.2 


540 mW 
306 mW 
550 mW 


—65°C to + 150°C 


+215°C 
+ 220°C 


+ 260°C 


Electrical Characteristics | 
Boldface limits apply for Ta = Ty = Tain to Tax; all other limits T, = Ty = 25°C. The grades A and B designate initial 
Reverse Breakdown Voltage tolerances of +0.1% and +0.2%, respectively. 


| Typical 
Conditions (Note 4) 


Symbol Parameter 


VR Reverse Breakdown Voltage | IR = 100 pA 1.225 
Reverse Breakdown Voltage | IR = 100 pA 
Tolerance (Note 6) 


IRMIN | Minimum Operating Current 


AVR/AT | Average Reverse Breakdown 
Voltage Temperature 


Coefficient 


IR = 10mA 
IR =1mA 
IR = 100 pA 


AVpA/Ala 


Reverse Breakdown Voltage | t = 1000hrs 
Long Term Stability 


In = 100 pA 


Reverse Breakdown Voltage | lpamiNS IRS 1MA © 0.7 | mV 

Change with Operating mV (max) 
Current ‘Change mvV (max) 
: 1mA<Inp<12mA i 


ZR Reverse Dynamic Impedance | IR = 1mA,f = 120 Hz, 
lac = 0.1 1p 
ON Wideband Noise IR = 100 pA 
; 10 Hz < f < 10 kHz 


T = 28°C £0.1°C 





ESD Susceptibility : 
Human Body Model (Note 3) 2kV 
Machine Model (Note 3) 200V 

See AN-450 “Surface Mounting Methods and Their Effect 

on Product Reliability” for other methods of soldering sur- 

face mount devices. 


Operating Ratings (Notes 1 & 2) 
Temperature Range 
(Tmin S$ TA S Tmax) 
Reverse Current 
LM4041-1.2 
LM4041-ADJ 
Output Voltage Range 
LM4041-ADJ 


—40°C < Ta < +85°C 


60 pA to 12 mA 
60 pA to 12 mA 


1.24V to 10V 


LM4041AIM LM4041BiM 
LM4041AIM3 | LM4041BIM3 
LM4041AIZ LM4041BIZ 

Limits Limits © 
(Note 5) (Note 5) 


+1.2 +2.4 
. +£9.2 -£10.4 


Units 
(Limit) 


V 


mV (max) 
mV (max) 


+20 
+15 ppm/°C (max) 
+15 ; ppm/°C 


mV 
mV (max) 
mV (max) 
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LM4041 


LM4041-1.2 (Continued) 


Electrical Characteristics (Continued) - 


Boldface limits apply for Ta = Ty = Twin to Twax: all other limits Ta = Ty = 25°C. The grades C, D and E designate 
initial Reverse Breakdown Voltage tolerances of +0.5%, +1.0% and +2.0%, respectively. 


Parameter Conditions (Limit) 
a Limits Limits Limits 


(Note 5) (Note 5) (Note 5) 


Vr Reverse Breakdown Voltage : = 100 pA 1.225 a a Vv 


Reverse Breakdown Voltage = 100 pA +6 
Tolerance (Note 6) +14 ; 
™ aan “Tele ls) 
AVp/AT | Average Reverse Breakdown |IR = 10 mA . 
Voltage Temperature = +100 +150 +150 = |ppm/°C (max) 
Coefficient ppm/°C 
1.5 
2.0 


mV (max) 
mV (max) 


mV (max) 
mV 
mV (max) 
8. 0 mV a 


'|Reverse Pe Impedance |IR = 1 mA,f = 120 Hz 
lac = 0.1 IR pen 


AVp/Alp| Reverse Breakdown Voltage a <iIn<1mA mV 
Change with Operating _ 
a Current Change 


mV (max) 
1mA < IR < 12mA 


Wideband Noise Ip = 100 pA av 
10 Hz < f < 10kHz bone 
Reverse Breakdown Voltage is = 1000 hrs 
Long Term Stability = 25°C +0.1°C 
: = 100 pA 


LM4041-ADu (Adjustable) 


Electrical Characteristics 


Boldface limits apply for Ta = Ty = Tray to Trax; all other limits T) = 25°C unless otherwise specified (SOT-23, see Note 


7), lIRMIN S IR $'12 MA, VReF <= VouT < 10V. The grades C and D designates initial Reference Voltage Tolerances of +0.5% and 
+1%, respectively for Vout = 5V. 





ms LM4041CIM | LM4041DIM 
tions Typical | LM4041CIM3 | LM4041DIM3 | Units 

P t nditions 
arameter cone (Note 4) | LM4041CIZ | LM4041DIZ | (Limit) 


(Note 5) (Note 5) 
eee = eoeern eres 4. 2) 
Tolerance (Note 8) © y mV (max) 
Minimum Operating Current ae ie pA 


pA (max) 
pA (max) 
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LM4041-ADu (Adjustable) (continues) 


Electrical Characteristics (continued) | . 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Tj = 25°C unless otherwise specified (SOT-23, see 
Note 7), l;amin Ss IR < 12 mA, Vrer s your > 10V. The grades C and D designates initial Reference Voltage Tolerances of 
+0.5% ane +1%, respectively for VouT = 


LM4041CIM | LM4041DIM 
Symbol . . Parameter | Conditlons ahi 
LM4041DIZ: (Limit) 
(Note 5). 


AVrer/Alq | Reference Voltage IRMIN < IR < 1mMA mV 
Change with Operating SOT-23: Vout 2 1.6V (Note 7) mvV (max) 
Current Change mV (max) 


LPOPINT 











1mA<IRp<12mA mV 
SOT-23: Vout 2 1.6V (Note 7) 

mV (max) 
mv (max) 


mV/V 
mvV/V (max) 
mvV/V (max) 


nA 

Hoa nA (max) 

nA (max) 

20 ppm/°C 

15 +100 +150 ppm/°C (max) 

15 ppm/°C 
Vout = VREF 
VouT = 10V 


en Wideband Noise - =100pA Vout = Vrer Vv 
stp prin pTrms 
AVREF Reference Voltage Long : = 1000 hrs, IR = 100 pA 

Term Stability = 25°C +0.1°C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum ineiion temperature), Aj, (junction to 
ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (Timax — Ta)/Oya or the 
number given in the Absolute Maximum Ratings, whichever is lower. For the LM4041, Tjmax = 125°C, and the typical thermal resistance (6)a), when board 
mounted, is 185°C/W for the M package, 326°C/W for the SOT-23 package, and 180°C/W with 0.4” lead length and 170°C/W with 0.125” lead length for the 
TO-92 package. 


Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kf. resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 


Note 4: Typicals are at Ty = 25°C and represent most likely parametric norm. 


Note 5: Limits are 100% production tested at 25°C. Limits over temperature are guaranteed through correlation using Statistical Quality Control (SQC) methods. 
The limits are used to calculate National’s AOQL. 


Note 6: The boldface (over-temperature) limit for Reverse Breakdown Voltage Tolerance is defined as the room temperature Reverse Breakdown Voltage 
Tolerance + [(AVR/AT)(65°C)(V_)]. AVR/AT is the Va temperature coefficient, 65°C is the temperature range from — 40°C to the reference point of 25°C, and Va 
is the reverse breakdown voltage. The total over-temperature tolerance for the different grades is shown below: 


A-grade: +0.75% = +0.1% +100 ppm/°C xX 65°C 
B-grade: 0.85% = +0.2% +100 ppm/°C x 65°C 
C-grade: +1.15% = +0.5% +100 ppm/°C x 65°C 
D-grade: + 1.98% £1.0% +150 ppm/°C X 65°C 
E-grade: +2.98% = +2.0% +150 ppm/°C xX 656°C 
Therefore, as an example, the A-grade LM4041-1.2 has an over-temperature Reverse Breakdown Voltage tolerance of +1.2V x 0.75% = +9.2 mV. 


Note 7. When Vour < 1.6V, the LM4041-ADJ in the SOT-23 package must operate at reduced Ip. This is caused by the series resistance of the die attach 
between the die (-) output and the package (-) output pin. See the Output Saturation (SOT-23 only) curve in the Typical Performance Characteristics section. 


Note 8. Reference voltage and temperature coefficient will change with output voltage. See Typical Performance Characteristics curves. 


AVrerF/AT | Average Reference Voltage | Voyt = 5V, 
Temperature Coefficient 
(Note 8) 


Dynamic Output Impedance 















IR = 1mA,f = 120 Hz, 
lac = 0.1 IR 


ZouT 










LM4041 


Typical Performance Characteristics 


Vp CHANGE (%) 


NOISE (nV//Hz) 


Vy (¥) 


Vp (V) 








Temperature Drift for Different 
Average Temperature Coefficient 


= Ip = 150 uA 
Fes | LM4041-1.2 


a a a 
SINC eae 


-40 -20 0 20 40 60 80 100 


TEMPERATURE (°C) 
TL/H/11392-19 


Noise Voltage 
Ip=200 pA 
T)=25°C 
LM4041-1.2 


1 10 100 1k 10k 100k 


FREQUENCY (Hz) 
TL/H/11392-5 





RESPONSE TIME (ys) 


TL/H/11392-7 


IMPEDANCE (2) 


REVERSE CURRENT (A) 


Output Impedance vs Frequency 


T=25°C 
N | 4p=0.1 


Ni LM4041-1.2 





100 1k 10k 100k 1M 


FREQUENCY (Hz) 
TL/H/11392-4 


Reverse Characteristics and 
Minimum Operating Current 





ia van Typical 
ptt | Ye | | ra2s0 
| | | LA] ¢ | uwaost-1.2 
0 04 0.8 1.2 1.6 2.0 


REVERSE VOLTAGE (V) 
TL/H/11392-9 


Rg 30k 





TL/H/11392-8 


Typical Performance Characteristics (Continued) 


Reference Voltage vs Output 
Voltage and Temperature 


1.244 


REFERENCE VOLTAGE (V) 
B 
i) 





OUTPUT VOLTAGE (V) 
TL/H/11392-11 


Feedback Current vs Output 
Voltage and Temperature 





= 
Ss 
— 
=z 
Lal 
a 
a 
> 
Oo 
<< 
Oo 
< 
a 
a 
tas 
ive 
OUTPUT VOLTAGE (V) 
TL/H/11392-12 
Output Impedance vs Frequency 

1k 

100 
g 
& 

= 10 
a 
a 
= 





100 1k 10k 


FREQUENCY (Hz) 
TL/H/11392-13 
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OUTPUT SATURATION (V) REFERENCE VOLTAGE (V) 


IMPEDANCE (2) 
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Reference Voltage vs Temperature 
and Output Voltage 


LM4041~-ADJ 
Ip=ima 


-40-20 0 20 40 60 80 100 
TEMPERATURE (°C) 
TL/H/11392-10 
Output Saturation 
(SOT-23 Only) 





OUTPUT CURRENT (mA) 
TL/H/11392-33 


Output Impedance vs Frequency 


LM4041-ADJ 
Ty=25°C 
Ip=150 pA 


100 1k 10k 


100k 1M 
FREQUENCY (Hz) 


TL/H/11392-14 


LM4041 


Typical Performance Characteristics (Continue) 


‘Reverse Characteristics 
FB STEPS (V) 





mill 
a ill 
3 le 
- 
7 a LM4041-ADJ 
= 
: ia 
: wa 
ci aa 
PTE eT [a tesec 
. Vingeez LM4041-ADJ 
0 2 4 6 8 10 
OUTPUT VOLTAGE (V) 
TL/H/11392-15 
Large Signal Response 
S 
i} 
S 
=4 





RESPONSE TIME (ys) 
TL/H/11392-17 


Functional Block Diagram 





*LM4041-ADJ only 
**LM4041-1.2 only 
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TL/H/11392-16 





TL/H/11392=18 


TL/H/11392=21 


Applications Information 


The LM4041 is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. For space critica! applica- 
tions, the LM4041 is available in the sub-miniature SOT-23 
surface-mount package. The LM4041 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the “+” pin and the ‘‘—” pin. If, 
however, a bypass capacitor is used, the LM4041 remains 
stable. Design effort is further reduced with the choice of 


either a fixed 1.2V or an adjustable reverse breakdown volt- | 


age. The minimum operating current is 60 pA for the 
LM4041-1.2 and the LM4041-ADJ. Both versions have a 
maximum operating current of 12 mA. 


LM4041s using the SOT-23 package have pin 1 connected 
as the (-) output through the package's die attach interface. 
Therefore, the LM4041-1.2’s pin 1 must be left floating or 
connected to pin 3 and the LM4041-ADJ’s pin 1 is the (-) 
output. 


In a conventional shunt regulator application (Figure 7), an 
external series resistor (Rg) is connected between the sup- 
ply voltage and the LM4041. Rg determines the current that 
flows through the load (IL) and the LM4041 (Iq). Since load 
current and supply voltage may vary, Rg should be small 
enough to supply at least the minimum acceptable Ig to the 
LM4041 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and I, is at its minimum, Rs 
should be large enough so that the current flowing through 
the LM4041 is less than 12 mA. 


Rg is determined by the supply voltage, (Vs), the load and - 


operating current, (I, and Iq), and the LM4041’s reverse 
breakdown voltage, Vp. 
_ Vs — Vr 
IL + la 
The LM4041-AD\J’s output voltage can be adjusted to any 
value in the range of 1.24V through 10V. It is a function of 
the internal reference voltage (VpeF) and the ratio of the 
external feedback resistors as shown in Figure 2. The out- 
put is found using the equation 
Re 
Vo = Vrer’ | = + 1 
simneaad (= (1) 
where Vo is the desired output voltage. The actual value of 
the internal Ver is a function of Yo.1 The “corrected” Vagr 
is determined by . 

VreF’ = Vo (AVper/ AVo) + Vy (2) 
where Vo is the desired output voltage. AVper/AVo is 
found in the Electrical Characteristics and it typically 
—1.3 mV/V and Vy is equal to 1.240V. Replace the value of 
Vrer’ in equation (1) with the value found using equation 


(2). 
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Note that the actual output voltage can deviate from that 
predicted using the typical AVaer/AVo in equation (2): for 
C-grade parts, the worst-case AVper/AVo is —2.5 mV/V 
and Vy = 1.246V. For D-grade parts, the worst-case 
AVreg/AVo is —3.0 mV/V and Vy = 1.248V. 


The following example shows the difference in output volt- 
age resulting from the typical and worst case values of 
AVrer/AVo. Let Vo = +9V. Using the typical value of 
AVperF/AVo, Vrer is 1.228V. Choosing a value of 
R1 = 10 kN, R2 = 63.272 kf. Using the worst case 
AVrerF/AVo for the C-grade and D-grade parts, the output 
voltage is actually 8.965V and 8.946V, respectively. This re- 
sults in possible errors as large as 0.39% for the C-grade 
parts and 0.59% for the D-grade parts. Once again, resistor 
values found ‘using the typical value of AVrer/AVo will 
work in most cases, requiring no further adjustment. 


Typical Applications 





TL/H/11392-22 


FIGURE 1. Shunt Regulator 


Vg 


LM4041-ADJ 


—TLH/11392-34 
FIGURE 2. Adjustable Shunt Regulator 
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Typical Applications (Continued) 
| | | + 13¥ 


IN4148 IN4148 | 





TL/H/11392-24 . 


FIGURE 3. Bounded amplifier reduces saturation-Induced delays and can prevent succeeding stage damage. 
Nominal clamping voltage Is + Vo (LM4041’s reverse breakdown voltage) + 2 diode Vr. . 





TL/H/11392-20 z " TL/H/11992-23 
FIGURE 4. Voltage Level Detector FIGURE 5. Voltage Level Detector 


50 »A 


02 
1N914 


R3 
240k 





R4 TL/H/11392-26 
240k FIGURE 7. Bidirectional Clamp +2.4V 
= TL/H/11392-25 
FIGURE 6. Fast Positive Clamp 


2.4V + AVp1 


Typical Applications (Continued) 


Vout 






02 
IN457 


LM4041-ADJ 


LM4041-ADJ 


TL/H/11392-35 
FIGURE 7. Bidirectional Adjustable 
Clamp + 18V to +2.4V 


0 TO 20 mA 
———_~ 





1N4002 LM4041-ADJ 


02 


1,24V S yA 


(THRESHOLD = Ri + 7N28 GAIN = 32mA 





FIGURE 9. Simple Floating Current Detector 


QTO20mA 
__. 






LM4041-ADJ 


1N4002 


N.C. 
1.24V 
- ITHRESHOLO =" 3.7mMAL2% 


LM4041-ADJ 


TL/H/11392-37 
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Vout 


IN457 





LM4041-ADJ 


TL/H/11392-36 
FIGURE 8. Bidirectional Adjustable 
Clamp +2.4V to +6V 


+15V 
R1 
+ 
FB 
LM4041-ADJ 
2N2905 
R2 
120k 


1pA < lout < 100 mA 
ae 1: 24V 
fouls 
TL/H/11392-38 
FIGURE 10. Current Source 


TL/H/11392-39 


FIGURE 11. Precision Floating Current Detector 


“D1 can be any LED, Ve = 1.5V to 2.2V at 3 mA. D1 may act as an 
indicator. D1 will be on if lt4RESHOLD falls below the threshold current, 
except with | = O. 
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Typical Applications (Continued) 


12V¥ 









DIGITAL 


CONTROL LM4041~-1.2 


1/2 LMC6062 
DUAL 
5 OP-AMP 


1/2 LMC6062 
DUAL 
OP-AMP 3 






"i ~ 124 1 
Our" 4230 Lgain set # 


FIGURE 12. Programmable Current Source 


LM4041-1.2 


-° 4.2V 4.0 TO: 12¥ 
-1.0V TO -12V =. 


-15V 


7 _ TL/H/11392-28 
FIGURE 13. Precision 1 A to 1 mA Current Sources 
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AY national Semiconductor 


LP2950/A-XX and LP2951/A-XX Series 
of Adjustable Micropower Voltage Regulators 


General Description 


The LP2950 and LP2951 are micropower voltage regulators 
with very low quiescent current (75 pA typ.) and very low 
dropout voltage (typ. 40 mV at light loads and 380 mV at 
100 mA). They are ideally suited for use in battery-powered 
systems. Furthermore, the quiescent current of the 
LP2950/LP2951 increases only slantty in dropout, prolong- 
ing battery life. 


The LP2950-5.0 in the popular 3-pin TO-92 package is pin- 
compatible with older 5V regulators. The 8-lead LP2951 is 
available in plastic, ceramic dual-in-line, or metal can pack- 
ages and offers additional system functions. 


One such feature is an error flag output which warns of a 
low output voltage, often due to falling batteries on the in- 
put. It may be used for a power-on reset. A second feature 
is the logic-compatible shutdown input which enables the 
regulator to be switched on and off. Also, the part may be 
pin-strapped for a 5V, 3V, or 3.3V output (depending on the 
version), or programmed from 1.24V to 29V with an external 
pair of resistors. 


Careful design of the LP2950/LP2951 has minimized all 
contributions to the error budget. This includes a tight initial 


tolerance (.5% typ.), extremely good load and line regula- 
tion (.05% typ.) and a very low output voltage temperature 
coefficient, making the part useful as a low-power voltage 
reference. 


Features 

5V, 3V, and 3.3V versions available 
High accuracy output voltage 
Guaranteed 100 mA output current 
Extremely low quiescent current 

Low dropout voltage 

Extremely tight load and line regulation 
Very low temperature coefficient 

Use as Regulator or Reference 

m Needs minimum capacitance for stability 
g@ Current and Thermal Limiting 


LP2951 versions only 

m Error flag warns of output dropout 

m Logic-controlled electronic shutdown 

m Output programmable from 1.24 to 29V 


Block Diagram and Typical Applications 


LP2950/A-XX_ 
UNREGULATED DC 


Tle | 


ERROR 


: SEE APPLICATION 
AMPLIFIER HINTS 


1.23V 
REFERENCE 





TL/H/8546-25 


LP2951/A-XX 


Vout 
UNREGULATED 0C h, S100 mA 


FEED- rss HE 
Le OR jer! 


+ 
SEE APPLICATION 
HINTS 


TL/H/8546-1 
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LP2950/A-XX, LP2951/A-XX 


Connection Diagrams 


TO-92 Plastic Package (Z) 
OUTPUT INPUT 


GND 
TL/H/8546-2 


Bottom View 


Order Number LP2950ACZ-3.0, LP2950CZ-3.0, 
LP2950ACZ-3.3, LP2950CZ-3.3 LP2950ACZ-5.0 . 
or LP2950CZ-5.0 
See NS Package Number Z03A 


Metal Can Package (H) 
INPUT 


sHuTpowN(3) 
(4) 


GROUND : 
TL/H/8546-19 
Top View 


Order Number LP2951H/883 or 
5962-3870501MGA 
See NS Package Number H08C 
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Dual-In-Line Packages (N, J) 
Surface-Mount Package (M) 


OUTPUT u 


SENSE 
SHUTDOWN 
GROUND 


INPUT 
FEEDBACK 


8 
7 
6: 
5 


2 
3 a 
A Vrap 

~ ERROR 

2 TL/H/8546-26 
Top View 4 


Order Number.LP2951CJ, LP2951ACJ, LP2951u, 
LP2951J/883 or 5962-3870501MPA 
See NS Package Number JO8A 


Order Number LP2951ACN, LP2951CN, LP2951ACN-3.0, 
LP2951CN-3.0, LP2951ACN-3.3 or LP2951CN-3.3 
See NS Package Number NO8E 


Order Number LP2951ACM, LP2951CM, 
LP2951ACM-3.0, LP2951CM-3.0, 
LP2951ACM-3.3 or LP2951CM-3.3 
See NS Package Number M08A_ 


Leadless Chip Carrier (E) 
OUTPUT INPUT 
\ / 


GND ERROR 
TL/H/8546~24 


Top View 


Order Number LP2951E/883 or 5962-3870501M2A 
See NS Package Number E20A — 





Ordering Information 





Output Voltage 


ee ee 


Temperature 
(°C) 









N(N-O8E) | LP2951ACN-3.0 | LP2951ACN-3.3 LP2951ACN —40 <Ty < 125 
LP2951CN-3.0 LP2951CN-3.3 LP2950CN 

M (MO8A) LP2951ACM-3.0 | LP2951ACM-3.3 | LP2951ACM —40 <Ty < 125 
LP2951CM-3.0 LP2951CM-3.3 LP2951CM 


J (JO8A) LP2951ACJ -—40 < Ty < 125 
LP2951CJ 
LP2951J —55 < Ty < 150 
LP2951J/883 
. 5926-3870501MPA 









H (HO08C) LP2951H/883 —55 <Ty < 150 
5962-3870501MGA : 
E (E20A) < 


LP2951E/883 —55 < Ty < 150 
5962-3870501M2A 
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TO-92 (Z) LP2950ACZ-3.0 LP2950ACZ-3.3 LP2950ACZ-5.0 —40 <Ty < 125 
LP2950CA-3.0 LP2950CZ-3.3 LP2950CZ-5.0 : 
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LP2950/A-XX, LP2951/A-XX 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, Input Supply Voltage —0.3 to +30V 
please contact the National Semiconductor Sales Feedback Input Voltage - ~4.5to +30V 
Office/Distributors for availability and specifications. (Notes 9 and 10) 
Power Dissipation _ Internally Limited Shutdown Input Voltage _ =0.3 to +30V 
Lead Temp. (Soldering, 5 seconds) 260°C (Note 9) 
Storage Temperature Range ' —68°to+150°C Error Comparator Output 
Operating Junction Temperature Range (Note 8) Voltage (Note 9) . —0.3 to + 30V 
LP2951 — 55° to + 150°C ESD Rating is to be determined. 
LP2950AC-XX, LP2950C-XX,- 


LP2951AC-XX, LP2951C-XX —40° to + 125°C 


LP2950AC-XX LP2950C-XX 
saiciih LP2951AC-XX LP2951C-XX 


Tested Tested | Design Tested | Design| Units 
Typ Limit 
(Notes 3, 16) 


Electrical Characteristics (note 1) 




















Conditions 


Parameter (Note 2) 





3V VERSIONS (Note 17) 


Output Voltage : Ty = 25°C | 










~25°C < Ty < 85°C 


Full Operating 3.036 3.036 3.0 3.060 
Temperature Range 2.964 2.964 | ~ 2.940 
100 pA < IL < 100mA 3.045 3.042 3.072 
Ty S Tymax 2.955 2.958 2.928 


3.3V VERSIONS (Note 17) 


Output Voltage 
— 25°C < Ty < 85°C 3.333 3.350 
3.267 3.251 
Full Operating 3.340 3.340 3.366 
Temperature Range 3.260 3.260 3.234 
100 pA < I, < 100 mA 33 3.346 
Ty S TyMAxX , 3.254 


Ty = 25°C 5.025 5.025 5.05 
4.975 4.975 4.95 
—25°C < Ty < 85°C 5.075 
4.925 
Full Operating 5.0 5.06 5.06 
Temperature Range : 4.94 4.94 
100 pA < I_ < 100 mA 5.075 5.075 5.12 
Ty < TyMax 4.925 4.925 4.88 | Vmin 
ALL VOLTAGE OPTIONS 
(VoNOM + 1)V < Vin < 30V 0.04 
(Note 15) 
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Output Voltage 












Output Voltage 











5V VERSIONS (Note 17) 
Output Voltage 





Output Voltage 













Output Voltage 
Temperature Coefficient 







ppm/*C 
Line Regulation 
(Note 14) 


Load Regulation 
(Note 14) 






Electrical Characteristics (Note 1) (Continued) . 
fe LP2950AC-XX LP2950C-XX 
Tested | Design 
Typ | Limit 
(Note 3)| (Note 4) 
ALL VOLTAGE OPTIONS (Continued) . 7 


Dropout Voltage IL = 100 pA mV max 
(Note 5) ace mV max 

' I, = 100 mA 450 450 | - 450 mV max 

600 600 mV max 

Ground IL = 100 BA - 120 pA max 
Current 140 pA max 
IL = 100 mA 12 mA max 
414 mA max 

' Dropout Vin = (VoNOM —'0.5)V} 110 170 pA max 
, Ground Current IL = 100 pA 200 pA max 
‘Current Limit Vout = 0 - :160 160 mA max 
: mA max 


Thermal Regulation |(Note13) ss oos| 02 oo5| 02 |  faos| o2 | | %/wmax 


cant; faster [ool tent Yeo] YL 


CL=3.3pF © 
(Bypass = 0.01 pF. ae rms 
Pins 7 to 1 (LP2951)) 
. | LP2951AC-XX | Lp29sic-xx | a 
1.25 V max 
V max 
V min 
V min 
Reference (Note 7) 1.285 | Vmax 
Voltage 1.185| Vmin 
Feedback Pin " nA max 
Bias Current — pe nA max 
Reference Voltage ; ae 
Temperature eae | oon 
Feedback Pin Bias nA/?C 
Current Temperature 
Coefficient 







Conditions 


Parameter (Note 2) 













8-PIN VERSIONS ONLY 


Reference 
Voltage 





Error Comparator 






Output Leakage 
Current 



















Output Low 
Voltage 


= (VoNOM — 0.5)V 
i = 400 pA ase 


(Note 6) 


(Note 6) 


Upper Threshold 
Voltage 







Lower Threshold mV max 


Voltage 





Hysteresis 
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Electrical Characteristics (Note 1) (Continued) 


LP2951 LP2951AC-XX LP2951C-XX 











Parameter Conditions | Tested Tested | Design: Tested | Design | ynits 
(Note 2) Typ Limit Typ 
(Notes 3,16) | . (Note 3) | (Note 4) (Note 3) | (Note 4) 





8-PIN VERSIONS ONLY (Continued) 












Shutdown Input . 
Input 
Logic. Low (Regulator ON) 
Voltage High (Regulator oe) 
Input Current 


Vshutdown = 30V 
oa 
(Note 11) 10 10 10 
20 


. Note 1: Boldface limits apply at temperature extremes. 


Note 2: Unless otherwise specified all limits guaranteed for Ty = 25°C, Vin = (VoNOM + 1)V, I, = 100 pA and C, = 1 pF for 5V versions, and 2.2 yF for 8V and 
3.3V versions. Additional conditions for the 8-pin versions are Feedback tied to Vrap, Output tied to Output Sense and Vshutdown < 0.8V. 


Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 5: Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value migaaired at 1V differential. 

At very low values of programmed output voltage, the minimum input supply voltage of 2V (2.3V over temperature) must be taken into account. 

Note 6: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference voltage measured at 

Vin = (VoNOM + 1)V. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain = Vout/Vrep = (R1 + R2)/R2. 

For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by 95 mV X 5V/1.235V = 384 mV. 

Thresholds remain constant as a percent of Vout aS Vout is varied, with the dropout warning occurring at typically 5% below nominal, 7.5% guaranteed. 

Note 7: Vrot S Vout S (Vin — 1V), 2.38V < Vin < 30V, 100 pA < IL < 100 mA, Ty < Tymax. : 

Note 8: The junction-to-ambient thermal resistance of the TO-92 package is 180°C/W with 0.4” leads and 160°C/W with 0. 25” leads to a PC board. The thermal 
_ fesistance of the 8-pin DIP packages i is 105°C/W for the molded plastic (N) and 130°C/W for the cerdip (J) junction to ambient when soldered directly to a PC 

board. Thermal resistance for the metal can (H) is 160°C/W junction to ambient and 20°C/W junction to case. Junction to ambient thermal resistance for the S.O. 

(M) package is 160°C/W. Thermal resistance for the leadless chip carrier (E) package is 95°C/W junction to ambient and 24°C/W junction to case. 

Note 9: May exceed input supply voltage. 

Note 10: When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-clamped to 

ground. 

Note 11: Vshutdown 2 2V, Vin < 30V, Vout = 0, Feedback pin tied to Vrap. 

Note 12: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range. 





Regulator Output 
Current in Shutdown 






Note 13: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line regulation 
effects. Specifications are for a 50 mA load pulse at Vin = SOV (1.25W pulse) for T = 10 ms. 


Note 14: Regulation is measured at constant junction temperature, using pulse testing with a low duty are Changes in output voltage due to heating effects. are 
- covered under the specification for thermal regulation. 


Note 15: Line regulation for the LP2951 is tested at 150°C for I, = 1 mA. Forl_ = 100 pA and Ty = 125°C, line regulation is guaranteed by ere to 0.2%. See 
Typical Performance Characteristics for line regulation versus temperature and load current. 


Note 16: A Military RETS spec is available on request. At time of printing, the LP2951 RETS spec complied with the boldface limits in this column. The Lp2951 H,E, 
or J may also be procured as Standard Military Drawing Spec #5962-3870501MGA, M2A, or MPA. 


Note 17: Ali LP2950 devices have the nominal output voltage coded as the last two digits of the part number. In the LP2951 products, the 3.0V and 3.3V versions 
are designated by the fast two digits, but the 5V version is denoted with no code at this location of the part number (refer to ordering information table). 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continueq . 


LP2951 | 


MINIMUM OPERATING VOLTAGE (V) 


OUTPUT VOLTAGE 


LOAD 
CURRENT. 


OUTPUT IMPEDANCE (OHMS) 


ERROR OUTPUT (V) 


CHANGE (mV) 


Minimum Operating Voltage 


275 “50-25 0 25 50 75 100 125 150 





TEMPERATURE (°C) 


LP2951 | 


Error Comparator Output 












0 


Load Transient Response 





imcaa HYSTERESIS 

imi SOk RESISTOR eae 
TO Voyr 

iS) oes ee 

12s al 





50k RESISTOR TO 
EXTERNAL SV SUPPLY 









1 2 3 4 5 6 7 8 
INPUT VOLTAGE (¥) 


TIME (ms) 


Output Impedance 





wen 


2 OC 
LU CO TT 
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FREQUENCY (Hz) 


BIAS CURRENT (nA) - 


SINK CURRENT (mA) 


OUTPUT VOLTAGE 
CHANGE (mV) 


RIPPLE REJECTION (d8) 


LP2951 
Feedback Bias Current 








-75.-50-25 0 25 50 75 100125150 


TEMPERATURE (°C) 


LP2951 
Comparator Sink Current 





AG 
. LA Ty = 25°C 


Aah 
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Load Transient Response 


OUTPUT LOW VOLTAGE (V) 





4 8 12 16 20 
TIME (ms) 


‘Ripple Rejection 
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LP2951 


Feedback Pin Current 


PIN7 DRIVEN BY EXTERNAL 
SOURCE (REGULATOR RUN 
OPEN LOOP) 


FEEDBACK CURRENT (pa) 


-2.0-1.5 -1.0 -05 





FEEDBACK VOLTAGE (V) 


Line Transient Response 


OUTPUT VOLTAGE 


400 


TIME (ys) 


LP2951 


Enable Transient 


OUTPUT 
VOLTAGE (¥) 


SHUTDOWN 
PIN VOLTAGE (V) 


TIME (13) 


Ripple Rejection 


RIPPLE. REJECTION (dB) 


0. 1% «te © 104 
FREQUENCY (Hz) 
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Typical Performance Characteristics (Continued) 


Ripple Rejection 


3.5 


Hz) 


3.0 





VOLTAGE NOISE 
SPECTRAL DENSITY (pV 





RIPPLE REJECTION (dB) 


1 Pi) 
BYPASS 












10 
1) «610? «= toto? 10 
FREQUENCY (Hz) 


Shutdown Threshold Voltage 


| | IN gp Recunator ofr {| 
se Oe OR ME a 
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OUTPUT VOLTAGE CHANGE (mY) 





SHUTDOWN THRESHOLD VOLTAGE (¥) 


Pee an a Osa 


"275 “50-25 0 25 50 75 100125 150 
TEMPERATURE (°C) 


LP2950 Maximum 
Rated Output Current 
120 


100 = 
| |\ 10-92 PACKAGE 
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Th = 125°C 
MAX 


OUTPUT CURRENT (mA) 
an 
o 











0 5 10 15 20 25 30 
INPUT VOLTAGE (V) 


Application Hints 


EXTERNAL CAPACITORS 


A 1.0 pF (or greater) capacitor is required between the out- 
put and ground for stability at output voltages of 5V or more. 
At lower output voltages, more capacitance is required 
(2.2 »F or more is recommended for 3V and 3.3V versions). 
Without this capacitor the part will oscillate. Most types of 
tantalum or aluminum electrolytics work fine here; even film 
types work but are not recommended for reasons of cost. 
Many aluminum electrolytics have electrolytes that freeze at 
about —30°C, so solid tantalums are recommended for op- 
eration below — 25°C. The important parameters of the ca- 
pacitor are an ESR of about 5 9 or less and a resonant 
frequency above 500 kHz. The value of this capacitor may 
be increased without limit. 


At lower values of output current, less output capacitance is 
required for stability. The capacitor can be reduced to 


LP2951 Output Noise 


ETM ITis scone 


mate 







0.5 {pint To 
Hy Hailing 
0.0 


10° 


FREQUENCY (Hz) 


Line Regulation 





INPUT VOLTAGE (¥) 
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LP2951 Divider Resistance 
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TIME (jes) 
TL/H/8546-5 


0.33 pF for currents below 10 mA or 0.1 wF for currents 
below 1 mA. Using the adjustable versions at voltages be- 
low 5V runs the error amplifier at lower gains so that more 
output capacitance is needed. For the worst-case situation 
of a 100 mA load at 1.23V output (Output shorted to Feed- 
back) a 3.3 wF (or greater) capacitor should be used. 


Unlike many other regulators, the LP2950 will remain stable 
and in regulation with no load in addition to the internal volt- 
age divider. This is especially important in CMOS RAM 
keep-alive applications. When setting the output voltage of 
the LP2951 versions with external resistors, a minimum load 
of 1 pA is recommended. 

A 1 pF tantalum or aluminum electrolytic capacitor should 
be placed from the LP2950/LP2951 input to ground if there 
is more than 10 inches of wire between the input and the AC 
filter capacitor or if a battery is used as the input. 


XX-W/1S62d1 “XX-W/0S62d1 





LP2950/A-XX, LP2951/A-XX 


Application Hints (continued) 


Stray capacitance to the LP2951 Feedback terminal can 
cause instability. This may especially be a problem when 
using high value external resistors to set the output voltage. 
Adding a 100 pF capacitor between Output and Feedback 


. and increasing the output capacitor to at least 3.3 yF will fix 


this problem. 


ERROR DETECTION COMPARATOR OUTPUT 


The comparator produces a logic low output whenever the 
LP2951 output falls out of regulation by more than approxi- 
mately 5%. This figure is the comparator’s built-in offset of 
about 60 mV divided by the 1.235 reference voltage. (Refer 
to the block diagram in the front of the datasheet.) This trip 
level remains “5% below normal” regardless of the pro- 
grammed output voltage of the 2951. For example, the error 
flag trip level is typically 4.75V for a 5V output or 11.4V fora 
12V output. The out of regulation condition may be due ei- 
ther to low input voltage, current limiting, or thermal limiting. 


Figure 1 below gives a timing diagram depicting the ERROR 
signal and the regulated output voltage as the LP2951 input 
is ramped up and down. For 5V versions, the ERROR signal 
becomes valid (low) at about 1.3V input. It goes high at 
about 5V input (the input voltage at which Voyt = 4.75). 
Since the LP2951's dropout voltage is load-dependent (see 
curve in typical performance characteristics), the Input volt- 


age trip point (about 5V) will vary with the load current. The . 


output voltage trip point (approx. 4.75V) does not vary with 
load. 


The error comparator has an open-collector output which 
requires an external pullup resistor. This resistor may be 
returned to the output or some other supply voltage de- 
pending on system requirements. In determining a value for 
this resistor, note that while the output is rated to sink 
400 pA, this sink current adds to battery drain in a low bat- 
tery condition. Suggested values range from 100k to 1 Mf. 
The resistor is not required if this output is unused. 


PROGRAMMING THE OUTPUT VOLTAGE (LP2951) 


The LP2951 may be pin-strapped for the nominal fixed out- 
put voltage using its internal voltage divider by tying the 
output and sense pins together, and also tying the feedback 
and Vrap pins together. Alternatively, it may be pro- 
grammed for any output voltage between its 1.235V refer- 
ence and its 30V maximum rating. As seen in Figure 2, an 
external pair of resistors is required. 







4.75V 
OUTPUT 

VOLTAGE 

sees geese 
ERROR * ' 


INPUT 
VOLTAGE 


TL/H/8546-20 


“When Vin S 1.3V, the error flag pin becomes a high impedance, and the 
error flag voltage rises to its pull-up voltage. Using Vout as the pull-up 
voltage (see Figure 2), rather than an external 5V source, will keep the error 
flag voltage under 1.2V (typ.) in this condition. The user may wish to divide 
down the error flag voltage using equal-value resistors (10 kN suggested), to 
ensure a low-level logic signal during any fault condition, while still allowing a 
valid high logic level during normal operation. 


FIGURE 1. ERROR Output Timing 
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The complete equation for the output voltage is 


R 
Vout = VREF ® (1 + a) + IrBRy 


where Vpe_r is the nominal 1.235 reference voltage and lrg 
is the feedback pin bias current, nominally —20 nA. The 
minimum recommended load current of 1 pA forces an up- 
per limit of 1.2 MQ on the value of Ro, if the regulator must 
work with no load (a condition often found in CMOS in 
standby). l¢g will produce a 2% typical error in Voyt which 
may be eliminated at room temperature by trimming Ry. For 
better accuracy, choosing Ro = 100k reduces this error to 
0.17% while increasing the resistor program current to 
12 pA. Since the LP2951 typically draws 60 pA at no load 
with Pin 2 open-circuited, this is a small price to pay. 


REDUCING OUTPUT NOISE 


In reference applications it may be advantageous to reduce 
the AC noise present at the output. One method is to reduce 
the regulator bandwidth by increasing the size of the output 
capacitor. This is the only way noise can be reduced on the 
3 lead LP2950 but is relatively inefficient, as increasing the 
capacitor from 1 »F to 220 uF only decreases the noise 
from 430 pV to 160 pV rms for a 100 kHz bandwidth at 5V 
output. 


.Noise can be reduced fourfold by a bypass capacitor ac- 


cross Rj, since it reduces the high frequency gain from 4 to 
unity. Pick 


1 
CaYPASS ~ 37m, © 200 Hz 


or about 0.01 pF. When doing this, the output capacitor 
must be increased to 3.3 »F to maintain stability. These 
changes reduce the output noise from 430 pV to 100 pV 
rms for a 100 kHz bandwidth at 5V output. With the bypass 
capacitor added, noise no longer scales with output voltage 
so that improvements are more dramatic at higher output 
voltages. 










+Vin 

ay, Vout 
pee, 1.2-» 30V 
ERROR = Voyy 


OUTPUT 
LP2951 


TL/H/8546-7 


FIGURE 2. Adjustable Regulator _ 
"See Application Hints , 


Ri 
Vout = Vret (1 + at) 
2 


**Drive with TTL-high to shut down. Ground or leave open if shutdown fea- 
ture is not to be used. 


Note: Pins 2 and 6 are left open. 


Typical Applications 


UNREGULATED 
INPUT 


UNREGULATED 
INPUT 


LP2951 


. Low Drift Current Source 
+V = 2-> 30V 


LP2951 
SHUTDOWN 3 


1A Regulator with 1.2V Dropout 


SUPERTEX 
vP12C 


OUTPUT 
5V£1%@ 
OTOIA 


— uF 


2kaQ 


12400 pA 
TL/H/8546-22 


Wide Input Voltage Range 
Current Limiter 


Vin 


+Vin 


ERROR 
OUTPUT Your 


LP2951 
SHUTDOWN 3 


TL/H/8546-21 
TL/H/8546-9 


*Minimum input-output voltage ranges from 
40 mV to 400 mV, depending on load current. 
Current limit is typically 160 mA. 


5 Volt Current Limiter 
5V BUS 


Vin 


LP2950Z-5.0 
Vout 


+ 
Ll” 


*Minimum input-output voltage ranges from 40 mV to 400 mV, depending on 
load current. Current limit is typically 160 mA. 


TL/H/8546-10 


TL/H/8546-8 
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LP2950/A-XX, LP2951/A-XX 


Typical Applications (continued) 2 Ampere Low Dropout Regulator 
CURRENT ’ 
Regulator with Early Warning ss re MNT SECTOR. SNe Nour SY 


and Auxiliary Output 


*Vin 


D, 














5V MEMORY 


+V 
IN SENSE 
SUPPLY 


MJE2955 





2N3906 











Vout 


LP2951 
#4 
FB ERROR 


Vrap #Voyp @ 2A 


4.7M0, 


GND 


; R : TL/H/8546-13 
Vout = sav (1 + Bt) 4 
2 


For 5Vout, use internal resistors. Wire pin 6 to 7, & wire pin 2 to + Voy Buss. 


5V Regulator with 2.5V Sleep Function 
+Vin 


TL/H/8546-11 










® Early warning flag on low input voltage ERROR Vout 





OUTPUT 
® Main output latches off at lower input voltages - 


= Battery backup on auxiliary output 


Operation: Reg. # 1’s Vout is programmed one diode drop above 5V. Its error 
flag becomes active when Vin < 5.7V. When Vj, drops below 5.3V, the error 100kN 
flag of Reg. #2 becomes active and via Q1 latches the main output off. 
When Vin again exceeds 5.7V Reg. #1 is back in regulation and the early 
warning signal rises, unlatching Reg. #2 via D3. 


LP2951 
SHUTDOWN 3 


Latch Off When Error Flag Occurs 
+Vin ; *High input lowers Vout to 2.5V ; TL/H/8546-14 


Open Circuit Detector for 

4 —> 20mA Current Loop 
*Vin 
ERROR 





: 1 Vout 
OUT 4—> 20mA 


LP2951 


Vin 


LP2951_ 
FB 


TL/H/8546-12 * HIGH FOR 


|, <3.5 mA 
360 


<= MIN. VOLTAGES 4V TL/H/8546-15 
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Typical Applications (Continued) 


.Regulator with State-of-Charge Indicator 


+Vjy SENSE 
ERROR Your 


LP2951 
SD FB 


XX-W/ES62d1 ‘XX-W/0S62d7 





TL/H/8546-16 
‘Optional Latch off when drop out occurs. Adjust R3 for C2 Switching when Vj, is 6.0V. 
**Outputs go low when Vin, drops below designated thresholds. 


Low Battery Disconnect 
For values shown, Regulator shuts down when Vin < 5.5V and turns on again at 6.0V. Current drain in disconnected mode is ~ 150 pA. 


















6V 
SEALED 
LEAD~ACID 


| BATTERY 
SOURCE 





+Vin 
MAIN V+ 





Vout 
LP2951 
SENSE 






~w400kn" MEMORY V+ 


FOR 5.5V 


200 


= =" NI-CAD 
BACKUP 
ale ee oe 


*Sets disconnect Voltage TL/H/8546-17 
**Sets disconnect Hysteresis 
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Typical Applications (continued) 


System Overtemperature Protection Circuit 
#ViN 











10ka 


Vin ; 
5° PRE=SHUTDOWN FLAG 


sD ERROR 






AUX. SHUTDOWN 
INPUT 





LP2951 - 
VOUT Lee giclee aS este 
GND FB. 





EXTERNAL CIRCUIT 
_ PROTECTED FROM . 







OVER TEMPERATURE 
LL Ore . (V4 GOES OFF WHEN 
ao TEMP.> 125°) 





TL/H/8546-18 
LM34 for 125°F Shutdown 
LM35 for 125°C Shutdown 
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19-2 


FEEDBACK 


3 


ni 


AS 
Gitar ee 
sat 
a 


«== DENOTES CONNECTION ON 
LP2950 ONLY 





20kN 


m 


SENS 


wejbeig d1}ewWaYydS 


Re), 
OUT 
R 


VTAP 


rT 

27 
LVTAP | 

E R28 


TL/H/8546-23 


XX-V/1S62d1 “XX-W/0S62d7 


. LP2956/LP2956A 


AV vational Semiconductor 


LP2956/LP2956A 


Dual Micropower Low-Dropout Vol 


General Description 


The LP2956 is a micropower voltage regulator with very low. 
. @ Guaranteed 250 mA current (main output) . 


quiescent current (170 pA typical at light loads) and very 
low dropout voltage (typically 60 mV at 1 mA load current 
and 470 mV at 250 mA load current on the main output). 
The LP2956 retains all the desirable characteristics of the 
LP2951, but offers increased output current (main output), 
an auxiliary LDO adjustable regulated output (75 mA), and 
additional! features. 

The auxiliary output is always on (regardless of main output 
status), so it can be used to power memory circuits. 
Quiescent current increases only slightly at dropout, which 
prolongs battery life. . 


The error flag goes low if the main output voltage drops out 
of regulation. 


An open-collector auxiliary comparator is included, whose 
inverting input is tied to the 1.23V reference. 


Reverse battery protection is provided. 


The parts are available in plastic DIP and surface mount . 


packages. 


Block Diagram 
LP2956 


MAIN OUT 
ERROR AMP 


- DROPOUT 
DETECTION 
COMP 


AUX OUT 
ERROR AMP 


 TL/H/11339-1 


Features 


tage Regulators | 


™ Output voltage adjusts from 1.23V to 29V 


@ Auxiliary LDO (75 mA) adjustable output 
@ Auxiliary comparator with open-collector output 
m@ Shutdown pin for main output 


m Low dropout voltage 
w Extremely tight line and load regulation 
w Very low temperature coefficient 
Current and thermal limiting 


‘ Applications. 


' @ High-efficiency linear regulator - 


. m Extremely low quiescent current 


‘'@ Reverse battery protection 


m Low dropout battery-powered regulator 


Connection Diagrams 


SV TAP 
FEEDBACK 
INPUT 

_ GROUND 
GROUND 
OUTPUT 
NC 
SENSE 


" 46-Pin DIP» 


ont onuwerk wanh =~ 


im pP system regulator with switchable high-current Voc 


COMP IN 
AUX FB 
AUX OUT 
GROUND 
GROUND 
COMP OUT 
ERROR 
SHUTDOWN 


TL/H/11339-2 


Order Number LP2956IN or LP2956AIN 
See NS Package Number N16A 


16-Pin Surface Mount 


GROUND 
OUTPUT 
SENSE 


SHUTDOWN = 


ERROR 
COMP OUT 
NC 
GROUND 


an On MN es & 


GROUND 
INPUT 
FEEDBACK 
5V TAP 
COMP IN 
AUX FB 
AUX OUT 
GROUND 


TL/H/11339-3 


Order Number LP29561M or LP2956AIM 
See NS Package Number M16A 


7-62 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Input Supply Voltage —20V to +30V 
please contact the National Semiconductor Sales Feedback Input Voltage (Note 3) —0.3V to +5V 
Office/Distributors for availability and atoldawneel Aux. Feedback Input Voltage (Note 3) ~0.3V to +5V 
a ata Henge ORE IOIROS Shutdown Input Voltage (Note 3) —0.3V to +30V 

perating Junction Ls 

Temperature Range —40°C to + 125°C Comparator Input Voltage (Notes 3, 4) 0.3V to +30V 

Comparator Output Voltage (Notes 3, 4) —0.3V to +30V . 

Lead Temperature ; 

(Soldering, 5 seconds) 260°C ESD Rating (Note 16) 2kV 


Power Dissipation (Note 2) Internally Limited 


Electrical Characteristics 

Limits in standard typeface are for Ty = 25°C, and limits in boldface type apply over the full operating temperature range. 
Limits are guaranteed by production testing or correlation techniques using standard Statistical Quality Control (SQC) methods. 
Unless otherwise specified: Vixny = 6V, C, = 2.2 wF (Main Output) and 10 pF (Auxiliary Output), Feedback pin is tied to 5V Tap 
pin, Ci1y = 1 pF, Vsp = OV, Main Output pin is tied to Output Sense pin, Auxiliary Output is programmed for 5V. The main 
regulator output has a 1 mA load, the auxiliary regulator output has a 100 pA load. 


a aaa a ee Twin Tax [win aax_| 


MAIN OUTPUT 


Output Voltage 4.975 5.025 4.950 5.050 
4.940 | 5.060 | 4.900 ae 100 


}imASIL<250mA 4.930 | 5.070 | 4.880 | 5.120 | 


Load Regulation IL = 1mAto250mA 0.16 0.20 
IL = 0.1 mA to.1 mA (Note 6) 0.20 0.30 


















Dropout Voltage IL=1mA 
(Note 7) 


I, = 100 mA 









“I, = 250 mA 


thet 0K a 
fon sour | | | | |_| 


ILIMIT 












pV RMS 
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Electrical Characteristics a 
Limits in standard typeface are for Ty = 25°C, and limits in boldface type apply over the full operating temperature range. 
Limits are guaranteed by production testing or correlation techniques using standard Statistical Quality Control (SQC) methods. 
Unless otherwise specified: Vij = 6V, CL = 2.2 pF (Main Output) and 10 uF (Auxiliary Output), Feedback pin is tied to 5V Tap 
pin, Ciy = -1 pF, Vsp = OV, Main Output pin is tied to Output Sense pin, Auxiliary Output is programmed for 5V. The main 
regulator output has a 1 mA load, the auxiliary regulator output has ‘a 100 wA load. (Continued) 


: LP2956AlI LP29561 
: . Conditions Typical 


. | Min | Max | Min | Max | 
MAIN OUTPUT (Continued) 
| FeedbackPinVoltage | | 4.28 | 1.20 | 1.245 | 1.205 | 1.265 | 


Feedback Pin Bias Current 40 40 
‘ 60 60 
* | Output Leakage - - "| spiny 2 1 BA ° : 
In Shutdown. - Vin = 30V, Vout = 0V 
AUXILIARY OUTPUT a, , 


Feedback Pin Voltage 1.25 1.26 
ay east ae Vs 1.26 1.27 


Feedback Voltage 
‘ Temperature Coefficient... 
















Symbol Parameter 









_ Feedback Pin Bias Current. 


Line Regulation — 


6V < Vin < 30V 


Load Regulation IL = 0.1 mAto1mA 
' .. | IL = 1mA to 75 mA (Note 10) 


Vin-Vo | Dropout Voltage » J|L=tmAaA © 





IL = 50mA 


IL = 75mA 


- Output Noise | CL = 10 pF 
(10 Hz-100 KHz) 


Current Limit Vout = OV (Note 13) 
‘Thermal Regulation (Note 8) 


DROPOUT DETECTION COMPARATOR 


| Output “HIGH” Leakage | Voy = 30V , } oot | 


Output “LOW” Voltage “1 Vin = 4V- . 
Ig (COMP) = 400 pA 


Upper Threshold Voltage | (Note 11) 


= C, = 33 pF (Note 9) ° 
I= 10 mA | gabe came ae 
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Electrical Characteristics : 

Limits in standard typeface are for Ty = 25°C, and limits in boldface type apply over the full operating temperature range. 
Limits are guaranteed by production testing or correlation techniques using standard Statistical Quality Control (SQC) methods. 
Unless otherwise specified: Vij = 6V, C_ = 2.2 pF (Main Output) and 10 uF (Auxiliary Output), Feedback pin is tied to 5V Tap 
pin, Cin = 1 pF, Vsp = OV, Main Output pin is tied to Output Sense pin, Auxiliary Output is programmed for 5V. The main 
regulator output has a 1 mA load, the auxiliary regulator output has a 100 pA load. (Continued) 


= = aes © [in Tata [in [tax | 


DROPOUT DETECTION COMPARATOR (Continued) 


Lower Threshold Voltage (Note 11) — 230 - 450 — 230 
a ae Ea _— 


| Hysteresis = (Note 11) 
SHUTDOWN INPUT 


Input Current to Disable Output | (Note 12) | oo3 | | 


Shutdown Input High Threshold | Isp in) 2 1 pA 
1 ge 1 one 
Shutdown Input Low Threshold | Vo > 4.5V ae ee 400 
200 


AUXILIARY COMPARATOR 


V+(high) | Upper Trip Point (Note 14) 1.28 1.20 1.28 
1.29 1.19 1.29 
Lower Trip Point (Note 14) 4.230 1.19 1.27 1.19 1.27 
aaa 18 Ral 28 1. Fea 1. cr 


l Hysteresis = si 


Output “HIGH” Leakage | = 30V 
Vin (COMP) = 1.3V 
Output “LOW” Voltage Vin (COMP) = 1.1V 250 
Io(COMP) = 400 pA aca 400 
Input Bias Current 0 < Vin (COMP) < 5V —30 —30 30 
-—50 -50 50 


GROUND PIN CURRENT 
Ground Pin Current IL (Main Out) = 1mA 170 
(Note 15) I, (Aux. Out) = 0.1 mA 280 280 
I, (Main Out) = 50 mA 
IL (Aux. Out) = 1mA 
IL (Main Out) = 100 mA 
I, (Aux. Out) = 1mA 
I, (Main Out) = 250 mA 16 
IL (Aux. Out) = 1mA 
It (Main Out) = 1mA 
IL (Aux. Out) = 50 mA 
I, (Main Out) = 1mA 
IL (Aux. Out) = 75 mA 


























Vr(low) 













mA 
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Electrical Characteristics 

Limits in standard typeface are for Ty = 25°C, and limits in boldface type apply over the full operating temperature range: 
Limits are guaranteed by production testing or correlation techniques using standard Statistical Quality Control (SQC) methods. 
Unless otherwise specified: Vij = 6V, CL = 2.2 »F (Main Output) and 10 uF (Auxiliary Output), Feedback pin is tied to 5V Tap 
pin, Cjy = 1 BF, Vsp = OV, Main Output pin is tied to Output Sense pin, Auxiliary Output is programmed for 5V. The main 
regulator output has a 1 mA load, the auxiliary regulator output has a 100 pA load. (Continued) 












- Parameter Typical 
3 [Min | tax | min | Max 


GROUND PIN CURRENT (Continued) 


Ground Pin Current 
at Dropout (Note 15) 


Symbol 





















Vin = 4.5V 
I, (Main Out) = 0.1 mA 
I, (Aux. Out) = 0.1 mA 


Ground Pin Current No Load on Either Output 
at Shutdown (Note 15). | Isp in) = 1 pA 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device outside of its rated operating conditions. 
Note 2: The maximum allowable power dissipation is a function of the maximum junction temperature, Ty(max), the junction-to-ambient thermal resistance, Oy.,, 
Ty(max) — Ta 

Oy-A 











and the ambient temperature, Ta. The maximum allowable power dissipation at any ambient temperature is calculated using: P(max) = 


Exceeding the maximum allowable power dissipation will cause excessive die temperature, and the regulator will go into thermal shutdown. See Application Hints 
for additional information on heat sinking and thermal resistance. 


Note 3: When used in dual-supply systems where the regulator load is returned to a negative supply, the output voltage must be diode-clamped to ground. 
Note 4: May exceed the input supply voltage. : 
Note 5: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range. 


Note 6: Load regulation is measured at constant junction temperature using low duty cycle pulse testing. Two separate tests are performed, one for the range of 
100 A to 1 mA and one for the 1 mA to 250 mA range. Changes in output voltage due to heating effects are covered by the thermal regulation specification. 


Note 7: Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below the value measured with a 1V differential. At 
very low values of programmed output voltage, the input voltage minimum of 2V (2.3V over temperature) must be observed. 


Note 8: Thermal regulation is the change in output voltage at a time T after a change in power dissipation, excluding load or line regulation effects. Specifications 
are for a 200 mA load pulse at Vin = 20V (3W pulse) for T = 10 ms on the Main regulator output. For the Auxiliary regulator output, specifications are for a 66 mA 
load pulse at Vin = 20V (1W pulse) for T = 10 ms. 


Note 9: Connect a 0.1 »F capacitor from the output to the feedback pin. 


Note 10: Load regulation is measured at constant junction temperature using low duty cycle pulse testing. Two separate tests are performed, one for the range of 
100 A to 1 mA and one for the 1 mA to 75 mA range. Changes in output voltage due to heating effects are covered by the thermal regulation specification. 


Note 11: Dropout dectection comparator thresholds are expressed as changes in a 5V output. To express the threshold voltages in terms of a differential at the 
Feedback terminal, divide by the error amplifier gain = Vout/Vrer- 


Note 12: The shutdown input equivalent circuit is the base of a grounded-emitter NPN transistor in series with a current-limiting resistor. Pulling the shutdown input 
high turns off the main regulator. For more details, see Application Hints. 


Note 13: The auxiliary regulator output has foldback limiting, which means the output current reduces with output voltage. The tested limit is for Vout = OV, so the 
output current will be higher at higher output voltages. 


Note 14: This test is performed with the auxiliary comparator output sinking 400 pA of current. At the upper trip point, the comparator output must be 2 2.4V. At the 
low trip point, the comparator output must be < 0.4V. 


Note 15: Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the ground pin current, output load current, 
and current through the external resistive dividers (if used). 


Note 16: All pins are rated for 2 kV, except for the auxiliary feedback pin which is rated for 1.2 kV (human body model, 100 pF discharged through 1.5 k9). 
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Typical Performance Characteristics Unless otherwise specified: Vij = 6V, CL = 2.2 wF (Main 
Output) and 10 pF (Auxiliary Output), Feedback is tied to 5V Tap pin, Cjy = 1 uF, Vsp = OV, Main Output pin is tied to Output 
Sense pin, Auxiliary Output is programmed for 5V. The main regulator output has a 1 mA load, the auxiliary output has a nee pA 
load. ; 


Ground Pin Current Ground Pin Current Ground Pin Current 


| Yas «2005 
Eee dt imain = 100 mA 


- GROUND PIN CURRENT (2A) 
GROUND PIN CURRENT (mA) 
GROUND PIN CURRENT (mA) 


Bien a 


——— 
12 3 4 5 6 7 8 


INPUT VOLTAGE (¥) INPUT VOLTAGE (V) INPUT VOLTAGE 7 


Ground Pin Current Ground Pin Current Ground Pin Current 


“ GROUND PIN CURRENT (4A) 
GROUND PIN CURRENT (mA) 
GROUND PIN CURRENT (mA) 


150 0 . 
“50-25 0 25 50 75 100 125 150 “50-25 0 25 50 75 100 125 150 50 “25 0 25 50 75 100 125 150 
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C) 


Ground Pin Current Dropout Characteristics Dropout Voltage vs 
vs Main Load (Main Regulator) Temperature (Main Regulator) 





GROUND PIN CURRENT (mA) 
OUTPUT VOLTAGE (V) 
DROPOUT VOLTAGE (¥) 


ee siitcamattiinn maith 


ae ETNA TT 
1 -50 -25 0 25 1 75 100 125 150 


MAIN OUTPUT CURRENT (mA) INPUT VOLTAGE (V) TEMPERATURE (°C) 





Current Limit vs Regulator Enable Transient Enable Transient 
(Main Regulator) (Main Regulator) (Main Regulator) _ 


Ti a 
Een y=Sn nie 
GREE Wy | 
TT Ses 
CEC 
Cry 


| = 10mA 


“OUTPUT 
VOLTAGE (V) 
OUTPUT 
VOLTAGE (¥) 


a” 
ae 
eR ale I 


OUTPUT CURRENT (mA) 





SHUTDOWN 
VOLTAGE (V) 


Ss 
=z 
=~ 
Rb 
oO 
5 
22 
“> 


~ 0 
“50-25 0 25 50. 75 100 125 150 
TEMPERATURE (°C) TIME (ms) ; TIME (ms) 
TL/H/11339—4 
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Typical Performance Characteristics Unless otherwise specified: Viv = 6V, CL = 


2.2 F (Main 


Output) and 10 pF (Auxiliary Output), Feedback is tied to 5V Tap pin, Cjy = 1 uF, Vsp = OV, Main Output pin is tied to Output 
Sense pin, Auxiliary Output is programmed for 5V. The main regulator output has a 1 mA load, the auxiliary output has a 100 pA 
load. (Continued) 


OUTPUT VOLTAGE 
CHANGE (mY) 


LOAD 
CURRENT 


OUTPUT VOLTAGE 
CHANGE (mV) 


RIPPLE REJECTION (dB) 


“NOISE VOLTAGE (V RMS) 


Load Transient Response 
(Main Regulator) 


200 
SRR RRR 


moO RSEEE EEE 
PEPE ser 


TIME (ms) 


Line Transient Response 
(Main Regulator) 


| TIAL | [Aman = an 


ea Ee es 
CENT 





TIME (ms) 


Ripple Rejection 
(Main Regulator) 


Hin 1 Nae ab 
IN, "TT 

UU NM 
I i A) Lay 











Bue i ll cic 
CUTIE CI CTT CIA CTE 


10k 100k IM 
- FREQUENCY (Hz) 
































Output Noise Voltage 
(Main Regulator) 


mie 220"] Ul 
Mii i ALN 
i 





ill 























LOAD CURRENT (mA) 


OUTPUT VOLTAGE 
CHANGE (mY) 


RIPPLE REJECTION (dB) 


OUTPUT VOLTAGE 
CHANGE (mV) 


Load Transient Response 
(Main Regulator) 


800 
#3 OG a 
i See 
CoS 


sSatice 
Pp eee Ty | 

Pe en ae es ee 
ery ipa len 
Perry TW a 
Ptr rrr 


12 16 20 
TIME (ms) 


Ripple Rejection 
(Main Regulator) 


* COE oo 
cated 


ed aii SU 


TM Ti UT 
CO CNT 





CUT TTD 
I li 


iat 
Hse aa 
SC 
10k 
FREQUENCY (Hz) 




















Thermal Regulation 
(Main Regulator) 


DISSIPATION (W) 


BIAS CURRENT (nA) 


TIME (ms) 


Feedback Bias Current 
0 





“50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
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OUTPUT VOLTAGE 
CHANGE (mV) 


RIPPLE REJECTION (dB) 





OUTPUT IMPEDANCE (0) 


RESISTANCE FROM SV TAP 
TO SENSE PINS (kQ) 


Line Transient Response 
(Main Regulator) 


Pett TT | umein = 33 HF 
TTT iain 107A 


TIME (ms) 


Ripple Rejection 
.(Main Regulator) 


CU OT CT 
HERA AA 
No hmain = 100.mA 
Danie! yn MI 
TIA AG ataiat | 


main = 250mA [MW 














ll aac 
ti 

















FREQUENCY (Hz) 


Output Impedance 
(Main Regulator) 





40 100 1k 10k 100k 
FREQUENCY (Hz) 


Divider Resistance 
0 


EER eaSE 
i 
aa eee 


“50-25 0 25 50.75 100 125 150 


TEMPERATURE (°C) 
TL/H/11339-5 











Typical Performance Characteristics Unless otherwise specified: Viy = 6V, CL = 2.2 pF (Main 
Output) and 10 AF (Auxiliary Output), Feedback is tied to 5V Tap pin, Cjjy = 1 pF, Vsp = OV, Main Output pin is tied to Output 
Sense pin, Auxiliary Output is programmed for 5V. The main regulator output has a 1 mA load, the auxiliary output has a 100 pA 
load. (Continued) 


Dropout Characteristics Dropout vs Temperature Current Limit vs Temperature 
(Auxiliary Regulator) (Auxiliary Regulator) (Auxiliary Regulator) 


V9S6¢d1/9S62d1 





= 100 BA Va 
5 S = 
- = 
3 g S 
5 5 bas 
oO 
Ss 5 z 
o a ao 
0 0 
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150 
INPUT VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C) 
Line Transient Response Load Transient Response Load Transient Response 
(Auxiliary Regulator) (Auxiliary Regulator) (Auxiliary Regulator) 


haux = 10mA 


eels 
Gl A 
POY 


OUTPUT VOLTAGE 
CHANGE (mY) 
OUTPUT VOLTAGE 
CHANGE (mV) 
OUTPUT VOLTAGE 
CHANGE (mV) 


INPUT 
VOLTAGE 
LOAD 
CURRENT 
LOAD 
CURRENT 





0 0.2 0.4 0.6 0.8 1 






























































TIME (ms) TIME (ms) . TIME (ms) 
Ripple Rejection Output Impedance Output Noise Voltage 
(Auxiliary Regulator) (Auxiliary Regulator) (Auxiliary Regulator) 
ar 300 
—> 250 
a > ih 
a @ g | id 
2 ‘7 en rit i us OO 
HHI Mae 
Po ws So 150 = 
: 2 : mii ai mui 
a 5 = 100 
a 5 2 mill 
fs 3 2 50 i 
CFb = 0.1 uF 
. 0 
10 100 1k 10k 100k 1M 10 100 1k 10k 100k iM, 0.1 1 10 100 
FREQUENCY (Hz) FREQUENCY (Hz) LOAD CURRENT (mA) ” ; 
Dropout Detection 
Auxiliary Comparator Comparator Threshold 
Sink Current Error Output Voltage 3 Voltages 
8 > 
=. 
OR 
50k RESISTOR TO 25 
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Application Hints. 
HEATSINK REQUIREMENTS 


A heatsink may be required with the LP2956 depending on 


the maximum power dissipation and maximum ambient tem- 


“perature of the application. Under all expected operating 
conditions, the junction temperature must be within the — 


range specified under Absolute Maximum Ratings. 


To determine if a heatsink is required, the maximum power 
dissipated by the regulator, P(max), must be calculated. It is 
important to remember that if the regulator is powered from 
a transformer connected to the AC line, the maximum 


specified AC Input voltage must be used (since this pro- 


duces the maximum DC input voltage to the regulator). Fig- 
ure 71 shows the voltages and currents which are present in 
the circuit. The formula for calculating the power dissipated 
in the regulator is also shown in Figure 7 (the currents and 
power due to external resistive dividers are not included, 
and are typically negligible). 


LP2956 





Protan = (Vine Yuh * (Vin - Va) a * (Vin) Ie 
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FIGURE 1. Current/Voltage Diagram 


The next parameter which must be calculated is the maxi- 
mum allowable temperature rise, TR(max). This is calculat- 
ed by using the formula: 


,, ° TrR(max) = Ty(max) — Ta(max) 


where: T,j(max) is the maximum allowable junction temper-- 


_ ature, a ; 

me Ta(max) is the maximum ambient temperature 
Using the calculated values for TR(max) and P(max), the 
required value for junction-to-ambient thermal resistance, 
8(J-a), can now be found: 

_ 6(J-A) = Tr(max)/P(max) 

The heatsink for the LP2956 is made using the PC board 
copper. The heat is conducted from the die, through the 


lead frame (inside the part), and out the pins which are sol- 


dered to the PC board. The pins used for heat conduction 
are shown in Table |. 


TABLE | 


| Part | Package | Pins 
LP2956iN 16-Pin DIP 4,5, 12, 13 












LP2956AIN..| -. 16-PinDIP 4,5, 12,13 
LP2956IM 16-Pin Surface Mt. 1,8,9,16 | 
LP2956AIM 16-Pin Surface Mt. 1,8,9,16 





Figure 2 shows copper patterns which may be used to dissi- 
pate heat from the LP2956: 


el 


WT 


——— © 


| 














16 PIN SURFACE 
MOUNT 


. -TL/H/11339-10 


*For best results, use L = 2H 
FIGURE 2. Copper Heatsink Patterns 


Table Il shows some typical values of junction-to-ambient 
thermal resistance (@).4) for values of L and W (1 0z. cop- 


*~per). 


TABLE Il 


9y-a (C/W) 





16-Pin 


Surface 
Mount 


\ 





Application Hints (Continued) 


EXTERNAL CAPACITORS 


A 2.2 yF (or greater) capacitor is required between the main 
output pin and ground to assure stability. The auxiliary out- 
put requires 10 F to ground. Without these capacitors, the 
part may oscillate. Most types of tantalum or aluminum elec- 
trolytics will work here. Film types will work, but are more 
expensive. Many aluminum electrolytics contain electrolytes 
which freeze at — 30°C, which requires the use of solid tan- 
talums below —25°C. The important characteristic of the 
capacitors is an ESR of 52 (or less) on the main regulator 
output and an ESR of 12 (or less) on the auxiliary regulator 
output (the ESR may increase by a factor of 20 or 30 as the 
temperature is reduced from + 25°C to —30°C). The value 
of these capacitors may be increased without limit. 


The main output requires less capacitance at lighter load 
currents. This capacitor can be reduced to 0.68 uF for cur- 
rents below 10 mA or 0.22 uF for currents below 1 mA. 


Programming the main output for voltages below 5V re- 
quires more output capacitance for stability. For the worst- 
case condition of 1.23V output and 250 mA of load current, 
a 6.8 yF (or larger) capacitor should be used. , 


A 1 pF capacitor should be placed from the input pin to 
ground if there is more than 10 inches of wire between the 
input and the AC filter capacitor or if a battery input is used. 


Stray capacitance to the Feedback terminal can cause in- 
stability. This problem is most likely to appear when using 
high value external resistors to set the output voltage. Add- 
ing a 100 pF capacitor between the Output and Feedback 
pins and increasing the output capacitance to 6.8 pF (or 
greater) will cure the problem. , 


MINIMUM LOAD ON MAIN OUTPUT 


When setting the main output voltage using an external re- 
sistive divider, a minimum current of 10 A is recommended 
through the resistors to provide a minimum load. 


It should be noted that a minimum load current is specified 
in several of the electrical characteristic test conditions, so 
the specified value must be used to obtain test limit correla- 
tion, - 


PROGRAMMING THE MAIN OUTPUT VOLTAGE 


The main output may be pin-strapped for 5V operation using 
its internal resistive divider by tying the Output and Sense 
pins together and also tying the Feedback and 5V Tap pins 
together. 


Alternatively, it may be programmed for any voltage be- 
tween the 1.23V reference and the 29V maximum rating 
using an external pair of resistors (see Figure 3). The com- 
plete equation for the output voltage is: 


R1 
VMAIN OUT = VREF X (1 a ay + (lpg x R1) 


where Vre_r is the 1.23V reference and Irg is the Feedback 
pin bias current (—20 nA typical). The minimum recom- 
mended load current of 1 »A sets an upper limit of 1.2 MA 
on the value of R2 in cases where the regulator must work 
with no load (see MINIMUM LOAD). 
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If lFg is ignored in the calculation of the output voltage, it will 
produce a small error in Vuain OuT- Choosing R2 = 100 ko. 
will reduce this error to 0.16% (typical) while increasing the 
resistor program current to 12 yA. Since the typical quies- 
cent current is 130 yA, this added current is negligible. 


+Vin 





VAIN OUT 
1.2-29V 


ERROR 
OUTPUT 








SHUTDOWN 
INPUT** 


*See Application Hints 
**Drive with high to shut down 


FIGURE 3. Adjustable Regulator 


DROPOUT VOLTAGE 


The dropout voltage of the regulator is defined as the mini- 
mum input-to-output voltage differential required for the out- 
put voltage to stay within 100 mV of the output voltage mea- 
sured with a 1V differential. The dropout voltage is indepen- 
dent of the programmed output voltage. 


DROPOUT DETECTION COMPARATOR 


This comparator produces a logic “LOW” whenever the 
main output falls out of regulation by more than about 5%. 
This figure results from the comparator’s built-in offset of 
60 mV divided by the 1.23V reference (refer to block dia- 
gram). The 5% low trip level remains constant regardless of 
the programmed output voltage. An out-of-regulation condi- 
tion can result from low input voltage, current limiting, or 
thermal limiting. 


Figure 4 gives a timing diagram showing the relationship 
between the main output voltage, the ERROR output, and 
input voltage as the input voltage is ramped up and down to 
a regulator whose main output is programmed for 5V. The 
ERROR signal becomes low at about 1.3V input. It goes 
high at about 5V input, where the main output equals 4.75V. 
Since the dropout voltage is load dependent, the Input volt- 
age trip points will vary with load current. The main output 
voltage trip point does not vary. 


The comparator has an open-collector output which re- 
quires an external pull-up resistor. This resistor may be con- 
nected to the regulator main output or some other supply 
voltage. Using the main output prevents an invalid ‘‘HIGH” 
on the comparator output which occurs if itis pulled up to an 
external voltage while the regulator input voltage is reduced 
below 1.3V. In selecting a value for the pull-up resistor, note 
that while the output can sink 400 pA, this current adds to 
battery drain. Suggested values range from 100 kN to 
1 MQ. The resistor is not required if the output is unused. 
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Application Hints (Continued) 
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*In shutdown mode, ERROR will go high if it has been pulled up to an 
external supply. To avoid this invalid response, pull up to regulator output. 


**Exact value depends on dropout voltage. (See Application Hints) 


FIGURE 4. ERROR Output Timing 





If a single pull-up resistor is used to the regulator output, the 
error flag may briefly rise up to about 1.3V as the input volt- 
age ramps up or down through the OV to 1.3V region. 


In some cases, this 1:3V signal may be mis-interpreted as a 
false high by a pP which is still “alive” with 1.3V applied to 
it. 

To prevent this, the user may elect to use two resistors 
which are equal in value on the error output (one connected 
to ground and the other connected to the regulator output). 


If this two-resistor divider is used, the error output will only 
be pulled up to about 0.6V (not 1.3V) during power-up or 
power-down, so it can not be interpreted as a high signal. 
When the regulator output is at 5V, the error output will be 
2.5V, which is still clearly a high signal. 


OUTPUT ISOLATION 


The regulator outputs can be left connected to an active 
voltage source (such as a battery) with the regulator input 
power shut off, as long as the regulator ground pin is con- 
nected to ground. If the ground pin is left floating, damage 
to the regulator can occur if the output is pulled up by an 
external voltage source. 


REDUCING MAIN OUTPUT NOISE — 


In reference applications it may be advantageous to reduce 
the AC noise present on the main output. One method is to 
reduce regulator bandwidth by increasing output capaci- 
tance. This is relatively inefficient, since large increases in 
capacitance are required to get significant improvement. 


Noise can be reduced more effectively by a bypass capaci- 
tor placed across R1 (refer to Figure 3). The formula for 
selecting the capacitor to be used is: 

1 


CB = ———_———— 
27 R1 X 20 Hz 
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This gives a value of about 0.147. When this is used, the 
output capacitor must be 6.8 F (or greater) to maintain 
stability. The 0.1 4F capacitor reduces the high frequency 
noise gain of the circuit to unity, lowering the output noise 
from 260 pV to 80 pV using a 10 Hz to 100 kHz bandwidth. 
Also, noise is no longer proportional to the output voltage, 
so.improvements are more pronounced at higher output 
voltages. 


R1 








LP2956 AUXILIARY REGULATOR 





AUXILIARY OUTPUT 
10 pF - 


ERROR AMPLIFIER ‘ 
Ya Ce ne ee . REQUIRED 
FOR STABILITY 


TL/H/11339-13 
R1 
Vaux ouT = Vrer | 1+ 55 } + (ire x Ri) 
where: Vrer = 1.23V and Irg = —10 nA (typical) 


FIGURE 5. Auxiliary Adjustable Regulator 


AUXILIARY LDO OUTPUT 


The LP2956 has an auxiliary LDO regulator output (which 
can source up to 75 mA) that is adjustable for voltages from 
1.28V to 29V. 


The output voltage is set by an external resistive divider, as 
shown in Figure 5. The maximum output current is 75 mA, 
and the output requires 10 uF from the output to ground for 
stability, regardless of load current. ' 


SHUTDOWN INPUT 


The shutdown input equivalent circuit is shown in Figure 6. 
The main regulator output is shut down when the NPN tran- 
sitor is turned ON. 


SHUTDOWN 


TL/H/11339-14 
FIGURE 6. Shutdown Circuitry 


The current into the input should be at least 0.5 pA to as- 
sure the output shutdown function. A resistor may be placed 
in series with the input to minimize current draw in shutdown 
mode, provided this minimum input current requirement is 
met. i 


IMPORTANT: 


The shutdown input must not be left floating: a pull-down 
resistor (10 kN to 50 kN recommended) must be connected 
between the shutdown input and ground in cases where the 
input is not actively pulled low. 
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LP2960 | 
Adjustable Micropower 0.5A Low-Dropout Regulators 


General Description Features 7 
The LP2960 is a micropower voltage regulator with very low ™ Output voltage adjusts from 1.23V-29V 
dropout voltage (12 mV typical at 1 mA load and 470 mV_-—s— @ ~Guaranteed 500 mA output current 
typical at 500 mA load) and very low quiescent current m 5V and 3.3V versions available 

(450 pA typical at 1 mA load). ™ 16-pin DIP and 16-pin SO packages 

The LP2960 is ideally suited for battery-powered systems: m Low dropout voltage 

the quiescent current increases only slightly at dropout, Low quiescent current 

which prolongs battery life. @ Tight line and load regulation 

The LP2960 retains all the desirable characteristics of the —™ Low temperature coefficient 

LP2953, and offers increased output current. = Current limiting and thermal protection 
The error flag goes low any time the output drops more than —_g _Logic-level shutdown 

5% out of regulation. fad m Can be wired for snap-ON and snap-OFF 
Reverse battery protection is provided. m Reverse battery protection 

The LP2960 requires only 10 »F of output capacitance for 
stability (5V version). Applications 

The internal voltage reference is made available for external = High-efficiency linear regulator 

use, providing a low-T.C. reference with very good regula- ™ Regulator with under-voltage shutdown 


tion characteristics. m Low dropout battery-powered regulator 
The parts are available in 16-pin plastic DIP and 16-pin sur- = Cellular telephones 
face mount packages. ° 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature Range —65°C to + 150°C 
Operating Junction Temperature Range 


LP2960AI/LP29601 —40°C to + 125°C 


Lead Temperature (Soldering, 5 sec.) “260°C 
Power Dissipation (Note 2) Internally Limited 
Input Supply Voltage —20V to +30V 
Feedback Input Voltage (Note 3) —0.3V to +5V 
Comparator Input Voltage (Note 4) - -0.3V to +30V 
Comparator Output Voltage (Note 4) —0.3V to +30V 
ESD Rating (Note 15) 1.5 kV 


Electrical Characteristics Limits in standard typeface are for Ty = 25°C, and limits in. boldface type apply 


over the full operating temperature range. Unless otherwise specified: Cijy = 








4.7 pF, Vin.= Vo(NOM) + 1V, IL = 1 mA, 


Cout = 10 pF for 5V parts or Coyt = 22 mF for 3.3V parts, Feedback pin is tied to Vtap pin, Output pin is tied to Sense pin, 
Vs/p = 2V. . ith ah 
LP2960AI ‘LP2960!1 
Symbol Parameter ewes 14) (Note 14) Units 
Vo Output Voltage 1mA < IL < 500 mA 4. ee eS 038 | 4.925 }. 5.075. 
(5V Versions) 4.930 | 5. 070 | 4.880 | 5.120 V 
Output Voltage 1mA < |, < 500mA 3.275 
(3.3V Versions) 3.254 
AVo Output Voltage : 
AT Temperature Coefficient ppm/*G 
AVo Output Voltage VIN = * (Vo(NOM) + 1V] to 30V es 
Vo Line Regulation 
AVo Output Voltage (Note 6) 0.08 0.16 0.20 9% 
Vo Load Regulation 0.30 0.40 : 
Vin-Vo | Dropout Voltage IL=1 mA 
(Note 7) 
mV 
| 1, = 500mA 600 600 
800 800 
IGND Ground Pin Current IL=1mA 600 600 
(Note 8) aoe 750 750 | -A 
IL = 100 mA 4.0 4.0 
5.0 5.0 
IGnD Ground Pin Current oN = Vo(NOM) —.0.5V 1.8 mA 
at Dropout (Note 8) = 100 pA ° 
Ground Pin Current Vsp < 1.1V vd 
at Shutdown (Note 8) pee [wm po |] = ‘i 
ILIMIT Current Limit Ri = 0.59, oo, 1500 1500 
1600 1600 
D 
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Electrical Characteristics Limits in standard typeface are for T) = 25°C, and limits in boldface type apply 
over the full operating temperature range. Unless otherwise specified: Cijy = 4.7 nF, Vin = Vo(NOM) + 1V, IL = 1 mA, 
Cout = 10 pF for 5V parts or Cout = 22 pF for 3.3V parts, Feedback pin is tied to Vrap pin, Output pin is tied to Sense pin, 
Vs/p = 2V. (Continued) 


LP2960AI LP2960! 
Parameter Conditions Typ (Note 14) (Note 14) 
Output Noise Voltage Cout = 10 pF co a ae 
@ |, = 100 mA 
es Cour = 47 pF pao {| 

| Cour=47 nF notes) | 190 | | 

: 1.210 | 1.265 

Reference Voltage (Note 13) 0.05 0.1 
Line Regulation ‘ , : 0.30 
Reference Voltage IREF = 0-200 pA 0.45 0.6 
Load Regulation ~ ; 0.9 
Reference Voltage (Note 5).- 
Temperature Coefficient 
Feedback Pin Bias 20 
Current 


DROPOUT DETECTION COMPARATOR. 
Output HIGH Von = 30V 
Leakage 
Output LOW Vin = Vo(NOM) — 1V 125 250 250 
Voltage Io(COMP) = 400 pA 400 400 
Upper Threshold (Note 9) —80 —80 
Voltage -—100 —100 
Lower Threshold (Note 9) 85 —130 —70 — 130 -70 
Voltage —200 —35 —200 —-35 


[Hysteresis J oto) =| os || 


Input Offset (Referred to Vrer) +5 —18 18 
Voltage —24 24 


Input Bias Current Vs/p = 0-5V _920 —60 60 —60 60 
—100 100 -—100 100 
Regulator Output Current | (Note 12) 3 12 12 
in Shutdown 20 20 
Input Offset (Referred to Vrer) +5 —15 15 —15 15 
Voltage —20 20 -—20 20 


(Referred to Var) 
Input Bias Current Vcomp = 0-5V | 99 —60 60 —60 60 
—100 100 —100 100 
Output HIGH Von = 30V 1 
Leakage Vcomp = 1.3V 2 
Output LOW Vcomp = 1.1V 250 250 
Voltage lo = 400 pA 400 400 
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Electrical Characteristics (Continued) . 


Note 1: Absolute maximum ratings indicate limits beyond which eas to the fee may occur. Electrical specifications do not apply when operating the 
device outside of its rated operating conditions. 


Note 2: The maximum allowable power dissipation is a function of the maximum incon temperature, Ty (max), the Junction-to-ambient thermal resistance, @5- a, 
and the ambient temperature, Ta. The maximum allowable power dissipation at any ambient temperature is calculated using: 


Ty (max) — Ta 


P (max) = aa 


Exceeding the maximum allowable power dissipation will cause excessive die temperature, and the regulator will go into thermal shutdown. See APPLICATION 
HINTS for additional information on heatsinking and thermal resistance. ; 


Note 3: When used in dual-supply systems where the regulator load is returned to a negative supply, the output voltage must be diode-clamped to ground. 
Note 4: May exceed the Input supply voltage. 
Note 5: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range. 


Note 6: Output voltage load regulation is measured at constant junction temperature using low duty cycle pulse testing. Two separate tests are performed, one for 
the load current range of 100 A to 1 mA and one for the 1 mA to 500 mA range. Changes in output voltage due to heating effects are covered by the thermal 
regulation specification. 


Note 7: Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below the value measured with a 1V differential. At 
very low values of programmed output voltage, the input voltage minimum of 2V (2.3V over temperature) must be observed. 


Note 8; Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the ground pin current, Apia load current, and 
current through the external resistive divider (if used). 


Note 9: Dropout detection comparator threshold voltages are expressed in terms of a voltage differential measured at the Feedback terminal below the nominal 
reference voltage, which is the reference voltage measured with Vij = Vo(NOM) + 1V. To express these thresholds in terms of output voltage change, multiply by 
the error amplifier gain which is Vo/Vrer = (R1.+ R2)/R2 (see Basic Application Circuit. 


Note 10: Thermal regulation is the change in output voltage at a time T after a change in power dissipation, excliding load or line regulation effects. Specifications 
are for a 400 mA load pulse at Vin = Vo(NOM) + 15V (6W pulse) for T = 10 ms. 


Note 11: Connect a 0.1 uF capacitor from the output to the feedback pin. 
Note 12: Vshutdown < 1.1V, Vin < 30V, Vout = OV. 


Note 13: Two Separate tests are performed for reference voltage line regulation, one covering 2.5V < Vin, < Vo(NOM) + 1V and the other test for Vo(NOM) + 1V 
< Vin s 90V. 


Note 14: All room temperature limits are 100% production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical ; 
Quality Control (SQC) methods. All limits are used to calculate Average Outgoing Quality Level. 


Note 15. Human Body Model, 200 pF discharged through 1.5 kf. 
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Basic Application Circuit 


0962d11 


+Vin 


100k 


ERROR Sore. i Vv 
OUTPUT . our 
*4.7 pF os 
LP2960 Voir Voces (1 +) +(ip x1) 
SHUTDOWN : 
INPUT $/D , as 
(Drive with Vout © Yrer * (1 + zr) 
TTL "LOW" to . 
shut down) © 


(Effect of tpg is negligible in most applications.) 


*See Application Hints 


TL/H/11962-2 


Connection Diagrams and Ordering Information 


16-Pin Surface Mount Package 16-Pin DIP Package | 


N/C 
COMP INPUT 
COMP INPUT Vin 
; —*GND 
SHUTDOWN COMP OUT 
ERROR V TAP 
ANALOG GND FEEDBACK 
, *GND *GND 


oO 


COMP OUT - 
V TAP 
FEEDBACK 
*GND 

*GND 

N/C 

ERROR 
SHUTDOWN 


aon OO Fe &w BS 


TL/H/11962-3 ‘ way TL/H/11962-4 
*Internally Connected to Power Ground ‘ 
Top View . Top View 
Order Number LP2960IM-5.0, LP2960AIM-5.0, Order Number LP2960!N-5.0, LP2960AIN-5.0, 


LP29601M-3.3 or LP2960AIM-3.3 LP29601N-3.3 or LP2960AIN-3.3 
See NS Package Number M16A _ See NS Package Number N16G 
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Typical Performance Characteristics untess otherwise specified: Cjy = 4.7 wF, Viy = 6V, I, = 1A, 
Court = 10 pF, Feedback pin is tied to Vrap pin, Output pin is tied to Sense pin, Vsyp = 2V, Vout = 5V. 
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GROUND PIN CURRENT (mA) GROUND PIN CURRENT (mA) 
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Dropout Characteristics 


INPUT VOLTAGE (V) 
TL/H/11962-10 





Typical Performance Characteristics unless otherwise specified: Ciy = 4.7 BF, Vin = 6V, I = 1 mA, 
Cout = 10 pF, Feedback pin is tied to Vrap pin, Output pin is tied to Sense pin, Vsyp = 2V, Vout = 5V. (Continued) 


Dropout Voltage vs Temperature 








1.00 
—~ 0.80 
= 
ro] 
= 0.60 
co) 
> 
5 0.40 
2 
fo} 
[oq 
o 0.20 
0.00 
-50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
TL/H/11962-11 
Enable Transient 
Cc cial Vin = 14V 
ae ida |, =20mA 
= 
=a 
= 
on 
oO 
> 
S 
Pat 
<3 
ze 
3 
> 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
TIME (ms) 
TL/H/11962-13 
Load Transient 


ELT Per 
EPP R 


OUTPUT 
VOLTAGE CHANGE (mV) 





LOAD 
CURRENT 


10 12 14 16 18 20 


024 6 8 
TIME (ms) 


TL/H/11962-15 


0962d1 


Dropout Voltage vs Load Current 
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Current Limit vs Temperature 


OUTPUT CURRENT (mA). 
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Line Transient Response 
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Ripple Rejection 
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Typical Performance Characteristics uniess otherwise specified: Ciy = 4.7 iF, Vin = 6V, I = 1 mA, 
Cout = 10 wF, Feedback pin is tied to V7ap pin, Output pin is tied to Sense pin, Vs/p = 2V, Vout =. 5V. (Continued) 
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Ripple Rejection 
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Thermal Regulation 
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Typical Performance Characteristics Uuniess otherwise specified: Ciy = 4.7 pF, Vin = 6V, IL = 1 mA, 
Cout = 10 pF, Feedback pin is tied to Vrap pin, Output pin is tied to Sense pin, Vs/p = 2V, Vout = 5V. (Continued) 
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Feedback Blas Current 
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Error Output Voltage vs Input Voltage 
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Dropout Detection Comparator 
Threshold Voltage 
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*In the 16-pin DIP devices, the "Analog GND” point is internally connected to the "GND" point. 
In the 16-pin surface-mount devices, "Analog GND" is brought out on a separate pin. 
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Application Hints 
EXTERNAL CAPACITORS 


Bypass capacitors on the input and output of the LP2960 
are required: without these capacitors, the part will oscillate. 


A capacitor (whose value is at /east 4.7,F) must be con- 
nected from the Vin pin to ground. If the input capacitor is 
focated more than one inch away from the LP2960, the ca- 
pacitor may have to be increased to 22 pF to assure stabili- 
ty. A capacitor is also required between Voyt and Ground, 
and the minimum amount of capacitance required here de- 
pends on output voltage. , 


lf the output voltage of the LP2960 is set to 5V, a minimum 
of 10 uF is needed in output capacitance. At 3.3V output, at 
least 22 ,F is required to assure stability. 


ESR LIMIT: The ESR of the capacitor used on the LP2960 
must be less than 0.729 throughout the entire operating tem- 
perature range to assure stability. 


The ESR of an aluminum electrolytic capacitor is typically 
only specified at 25°C, and does not reflect the maximum 
ESR that can be expected to occur over the entire tempera- 
ture range of the capacitor. 


Aluminum electrolytics show a marked increase in ESR at 
low temperatures (ESR can increase by a factor of 30 or 
more when going from 25°C to —30°C) which could lead to 
oscillation problems in applications with very low ambient 
temperatures. Solid tantalum capacitors are recommended 
for use in such cases. 


Regulator instability can be caused by stray (board layout) 
capacitance appearing at the Feedback terminal. Oscilla- 
tions from this effect are most likely to occur when very high 
value resistors are used to set the output voltage. 


Adding a 100 pF capacitor between the Output and Feed- 
back pins and increasing the output capacitor to at least 
22 uF will stop the oscillations. 


MINIMUM LOAD 


The internal resistive divider in the LP2960 provides suffi- 
cient output loading for proper regulation. If external resis- 
tors are used to set the LP2960 output voltage, a minimum 
current of 5 »A through the external resistive divider is rec- 
ommended. 


It should be noted that a minimum load current is specified 
in several of the test conditions listed under Electrical Char- 
acteristics, and this value of load current must be used to 
get correlation on these test limits. 


PROGRAMMING THE OUTPUT VOLTAGE 


The LP2960 regulator may be pin-strapped for operation at 
the nominal output voltage using its internal resistive divider 
by tying the Output and Sense pins together and also tying 
the Feedback and Vrap pins together. , 
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Alternatively, it may be programmed for any voltage. be- 
tween the 1.23V reference and the 30V maximum rating 
using an external pair of resistors (see Basic Application 
Circuit). 
The complete equation for the output voltage is: 

Vout = Vrer X (1 + R1/R2) + (lpg X R1) 
The term Vpe_r is the 1 .23V reference and Irg is the Feed- 
back pin bias current (—20 nA typical). The minimum rec- 
ommended load current of 5 vA sets an upper limit of 
240 kN on the value of R2 in cases where the regulator 
must work with no load (see Minimum Load). 


For best output accuracy, choosing R2 = 100 kN will re- 
duce the error resulting from IFg to 0.17% while increasing 
the resistive divider current to 12 pA. Since the typical qui- 
escent current of the LP2960 is 450 A, this added current 
through R2 is negligible. 


DROPOUT VOLTAGE 


The dropout voltage of the regulator is defined as the mini- 
mum input-to-output voltage differential required for the out- 
put voltage to stay within 100 mV of the output voltage mea- 
sured with a 1V differential. The dropout voltage is indepen- 
dent of the programmed output voltage. 


OUTPUT ISOLATION 


If the LP2960 output is connected to an active voltage 
source (such as a battery) the regulator input should not be 
shorted to ground, as this will cause a large current to flow 
from the battery into the LP2960 output lead. 


lf the LP2960 input is /eft floating with the output connected 
to a battery, a small current (a few mA) will flow into the 
output lead. 


The “reverse” current flowing from the battery into the 
LP2960 output can be prevented by using a blocking diode 
between the output and the battery. 


REDUCING OUTPUT NOISE 


In reference applications it may be desirable to reduce the 
AC noise present on the output. One method is to reduce 
regulator bandwidth by increasing output capacitance. This 
is relatively inefficient, since large increases in capacitance 
are required to get significant improvement. 


Noise can be reduced more effectively by a bypass capaci- 
tor placed across R11 (refer to Basic Application Circuit). 


A 0.1 pF capacitor connected across R1 will reduce the 
high frequency gain of the circuit to unity, lowering the RMS 
output noise voltage from 210 pV to 130 ;2V (typical) using a 
10 Hz-100 kHz bandwidth test measurement. 

Also, output noise is no longer proportional to the output 
voltage, so improvements are more pronounced at higher 
output voltages. 

IMPORTANT: Since the 0.1 »F capacitor reduces the AC 
gain of the LP2960 to unity, the output capacitance must be 
increased to at least 33 uF to assure regulator stability. 
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Application Hints (Continueg) 
DROPOUT DETECTION COMPARATOR 


The dropout detection comparator produces a logic “LOW” 
on the Error output whenever the LP2960 output drops out 
of regulation by more than about 5%. This figure results 
from the comparator’s built-in offset of 60 mV divided by the 
1.23V reference (refer to block diagram). 


The “5% below nominal” trip level remains constant regard- 
less of the programmed output voltage. An out-of-regulation 
condition can result from low nee vonage current limiting, 
or thermal limiting. 


The figure below gives'a timing gem siowing the rela- 
tionship between the output voltage, the Error output; and 
input voltage as the input voltage is ramped up and down to 
a foguialor programmed for 5V output. 


Error Output Timing Diagram 





4.75V 
OUTPUT’ 
VOLTAGE... 
ERROR 
OUTPUT 
st5y 
INPUT 1.3V 
VOLTAGE 


TL/H/11962-29 


*In shutdown ‘ie: ERROR will go high if it has been pulled up to an 
external supply. To avoid this invalid response, pull-up to regulator output. 


**Exact value depends on dropout voltage. (See Application Hints) 


The Error signal becomes low as Vin exceeds about 1.3V. It 
goes high at about 5V input, where the output equals 4.75V. 
Since the dropout voltage is load dependent, the input volt- 
age trip points will vary with load current, but the oufput 
voltage trip point does not. 


The comparator has an open-collector output which re- 
quires an external pull-up resistor. This resistor may be con- 
nected to the LP2960 output or another supply voltage. 


Best operation is obtained by connecting the pull-up to the 
LP2960 output. If the pull-up resistor is connected to an 
external 5V supply, the error flag will incorrectly signal 
“HIGH” whenever Viy < 1.3V (see Error Output Timing Dia- 
gram). ; 

In selecting a value for the pull-up resistor, note that while 
the output can sink 400 pA, this current adds to battery 
drain. Suggested values range from 100 kN-1 MQ. The 
resistor is not required if the output is unused. 


If a large output capacitance is used, a false logic “HIGH” 
can be generated when Viy = 1.3V. In this case, the error 
output becomes a high impedance, causing the voltage at 
the error output to rise to its pull-up value. If the pull-up 
resistor is connected to Vout, the error output can rise to 
1.2V (which is a logic “HIGH” signal incorrectly signifying 
the output is in regulation). 
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The user may wish to divide down the error flag voltage 
using equal-value resistors (10 kQ suggested) to ensure a 
low-level logic signal during-any fault condition, while still 
allowing a valid high logic level during normal operation. 


AUXILIARY COMPARATOR © 3 


The LP2960 contains an auxiliary comparator whose invert- 
ing input is connected to. the 1.23V reference. The auxiliary 
comparator ‘has an open-collector output whose electrical 
characteristics are similar to the dropout detection compar- 
ator. The non-inverting input and nee are brought out for 
external connections. ‘ — 


SHUTDOWN INPUT 


A logic-level signal will shut off the regulator stint when a 
“LOW” (<.1.2V) is applied to. the Shutdown input. 


To prevent possible mis-operation, the Shutdown input must 
be actively terminated. If the input is driven from open-col- 
lector logic, a pull- -up resistor (20 kN-100 kf. recommend- 
ed) should be connected from the Shutdown. input to the 
regulator input. 


If the Shutdown input is driven from a source which ectively 
pulls low and high (like an op- amp), the pull-up resistor is 
not required, but may be used. 


If the Shutdown input is to be unused, the cost of the auleue 
resistor can be saved by tying the Shutdown input aieeny to 
the regulator input. 


IMPORTANT: Since the Absolute Maxam Ratings state 
that the Shutdown input can not go more than 0.3V below 
ground, the reverse-battery protection feature which pro- 
tects the regulator input is sacrificed if the Shutdown input is 
tied directly to the regulator input. 


If reverse-battery protection is required in an application: the 
pull-up resistor between the Shutdown input and the regula- 
tor input must be used. 


GROUND CONNECTIONS . ee, eecd 


The pins designated GND (see Connection Diagrams) must 
be connected to the high-current ground point.in the circuit. 


The GND pins are electrically connected (through the lead 
frame) to the die substrate, making them ideal for conduct- 
ing ground current or heat (see Heatsinking ). 


The parts in the surface-mount (M) package also have ‘an 
Analog Ground pin, which is the ground Polat on the die for 
the regulator reference circuitry. 


Along with the Sense pin, the availability of the Analog 
Ground pin allows the designer the ability to use “remote” 
sensing and eliminate output voltage errors due to, IR drops 
occurring along PC board traces. 


IMPORTANT: The Analog Ground pin must be connected to 
circuit ground at some point for the regulator to operate. 

If remote sensing is not needed, the Analog Ground pin can 
simply be pin-strapped to the adjacent GND pin. 


HEATSINKING 


A heatsink may be required with the LP2960 depending on 
the maximum power dissipation and maximum ambient tem- 
perature of the application. Under all possible operating 
conditions, the junction temperature must be within the 
range specified under Absolute Maximum Ratings. 


Application Hints (continued) 

To determine if a heatsink is required, the power dissipated 
by the regulator, Pp, must be calculated. 

The figure below shows the voltages and currents which are 
present in the circuit, as well as the formula for calculating 
the power dissipated in the regulator: 


Power Dissipation Diagram 





Po = (Min > Your) + (Vin) Ie 
TL/H/11962-30 
The next parameter which must be calculated is the maxi- 
mum allowable temperature rise, TR (max). This is calculat- 
ed by using the formula: 

Tr (max) = Ty (max) — Ta (max) 
where: 
Ty (max) is the maximum allowable junction temperature, 
which is 125°C for commercial grade parts. 
Ta (max) is the maximum ambient temperature which will be 
encountered in the application. 
Using the calculated values for TR (max) and Pp, the maxi- 
mum allowable value for the junction-to-ambient thermal re- 
sistance, 6()— a), can now be found: 

6(J—A) = TR (max)/Pp 

The heatsink for the LP2960 is made using the PC board 
copper, with the heat generated on the die being conducted 
through the lead frame and out to the pins which are sol- 
dered to the PC board. 


The GND pins are the only ones capable of conducting any 
significant amount of heat, as they are internally attached to 
the lead frame on which the die is mounted. 

The figure below shows recommended copper foil patterns 
to be used for heatsinking the DIP and Surface Mount pack- 
ages: 
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Heat Sink Foil Patterns 
(TOP VIEW) 


eee ea 
rape 


aor 









SURFACE 
MOUNT 


* FOR BEST RESULTS, USE'L=2H - 
TL/H/11962-31 


The table below shows measured values of 8()— a) for a PC 
board with 1 ounce copper weight: 


| Package | cin) | H¢iny | dy-aCc/W) | 
| 1 | os | 





2 [ee | 


As the heat must transfer from the copper to the surround- 
ing air, best results (lowest @)— a) will be obtained by using 
a surface copper layer with the solder resist opened up over 
the heatsink area. 
If an internal copper layer of a multi-layer board is used for 
heatsinking, the board material acts as an insulator, inhibit- 
ing heat transfer and increasing 6)_ a. 

As with any heatsink, increasing the airflow across the 
board will significantly improve the heat transfer. 
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Typical Applications 


Low T.C. Current Sink 
V+ = 2.3 to 30V 

It 
1 Je Re 
J. LOAD™ TF (1, <0.5A) 
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Vout 
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5V Regulator with Error Flags for LOW 
BATTERY and OUT OF REGULATION 


SENSE 









LP2960-5.0 


COMP 
OUT 










COMP 


INPUT — 
* LOW BATT 






ERR 
_*OUTOF 
REGULATION 


TL/H/11962-34 
“Connect to Logic or »P control inputs. . 
LOW BATT flag warns the user that the battery has discharged down to 
about 5.8V, giving the user time to recharge the battery or power-down some 
hardware with high power requirements. The output is still in regulation at 
this time. 

OUT OF REGULATION flag indicates when the battery is almost completely 
discharged, and can be used to initiate a power-down sequence. 
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5V Bus Current Limiter with Load Fault indicator 
5V BUS 






OUTPUT 
*4.3-5V 


LP2960-5.0 


COMP 






COMP 
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“Output voltage equals +Vixy minus dropout voltage, which varies with 
output current. Current limits at a maximum of 1000 mA (typical). 


**Select R1 so that the comparator input voltage is 1.23V at the output 
voltage which corresponds to the desired fault current value. 


5V Regulator with Snap-ON/Snap-OFF 
Feature and Hysteresis 





TL/H/11962-35 


*Turns ON at Vin, = 5.87V 
Turns OFF at Vij, = 5.64V 
{for component values shown) 


Typical Applications (continue) 


5V Regulator with Timed Power-On Reset 


TL/H/11962-36 
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Timing Diagram for Timed Power-On Reset 





I 28 ms* | 
' Time Delay 


TL/H/11962-97 


*Ryr = 1 Meg, Cy = 0.1 pF 
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A vational Semiconductor 


LP2980 


Micropower SOT, 50 mA Ultra Low-Dropout Regulator 2 


General Description 

The LP2980 is a 50 mA, fixed-output voltage regulator de- 
signed specifically to meet the requirements of battery-pow- 
ered applications. 

Using an optimized VIPT™ (Vertically Integrated PNP) pro- 
cess, the LP2980 delivers unequaled performance in all 
specifications critical to battery-powered designs: 

Dropout Voltage. Typically 120 mV @ 50 mA load, and 
7 mV @ 1 mA load. ee pat NS See 
Ground Pin Current. Typically 375 nA @ 50 mA load, and 
80 pA @ 1 mA load. 

Sleep Mode. Less than 1 uA quiescent current when 
ON/OFF pin is pulled low. 

Smatlest Possible Size. SOT-23 package uses an absolute 
minimum of board space. 

Minimum Part Count. Requires only 1 uF of external ca- 
pacitance on the regulator output. 

Precision Output. 0.5% tolerance output voltages avail- 
able (A grade). 

5.0V, 3.3V, and 3.0V versions available as standard prod- 
ucts. 


Block Diagram 


Features. 

m Ultra low dropout voltage 

m@ Output voltage accuracy 0.5% (A Grade) . 
m Guaranteed 50 mA output current 

m Smallest possible size (SOT-23 Package) 

m Requires only 1 pF external capacitance 

m < 1 pA quiescent current when shutdown 
@ Low ground pin current at all load currents 
m High peak current capability (150 mA typical) 
m Wide supply voltage range (16V max) . 

m Fast dynamic response to fine and load 

@ Low Zour over wide frequency range 

m Overtemperature/overcurrent protection 

m —40°C to + 125°C junction temperature range 


Applications 

@ Cellular Phone 

m Palmtop/Laptop Computer 

m@ Personal Digital Assistant (PDA) 

m Camcorder, Personal Stereo, Camera 


TL/H/12078-1 


Connection Diagram and Ordering Information 


5-Lead Small Outline Package (M5) 


on/ 
OFF 


Vout 
TL/H/12078-3 


Top View 


TL/H/12078-38 
Actual Size 


For Ordering Information See Table | in this Datasheet 
See NS Package Number MAO5A 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Input Supply Voltage (Survival) -0.3V to + 16V 
please contact the National Semiconductor Sales Input Supply Voltage (Operating) 2.1Vto +16V 
Office/Distributors for availability and specifications. Shutdown Input Voltage (Survival) -~0.3V to +16V 
Storage Tempereune Range ae otied es De ade Output Voltage (Survival, Note 4) —0.3V to +9V 
Operating Junction Temperature Range a to + 125°C lout (Survival) Short Circuit Protected 
Lead Temperature (Soldering, 5 sec.) 260°C Input-Output Voltage (Survival, Note 5) —0.3V to + 16V 
ESD Rating (Note 2) ; 2kV 

Power Dissipation (Note 3) Internally Limited 


Electrical Characteristics Limits in standard typeface are for Ty = 25°C, and limits in boldface type apply 
over the full operating temperature range. Unless otherwise specified: Vij = Voinom) + 1V. IL = 1 mA, Coyt = 1 pF, 
Von/OFF = 2V. 


LP2980I-XX 
(Note 6) 







LP2980AI-XX 
Parameter Conditions (Note 6) 


Typ 

Ea | Max _| 

OutputVotage §=— | Vin= Vowom + tv | 50 | 4.975 | 5.025 
| 33 





4.925 5.075 
4.825 §.175 


(5.0V Versions) 1mA <I <50mA 


Output Voltage Vin = Voinom) + 1V 3.317 3.267 


(3.3V Versions) 1mA <i, <50mA 3.275 3.250 | 3.350 
3.217 3.184 | 3.416 


OutputVoltage | Vin=Vowom+ tv | 30 | 2985 | 3015 | 2970 | 3.030 _| 


(3.0V Versions) 1mA <1, <50mA 2.977 2.955 | 3.045 
2.925 2.895 | 3.105 












Output Voltage Vownom + 1V pao? 0.014 0.014 
Line Regulation < Vin s 16V . 0.032 0.032 
Dropout Voltage IL=0 

(Note 7) 












IL=1mA 


IL = 10mA 


Ground Pin Current IL =0 
IL =1tmA 
IL =10mA | 


oes 
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VON/OFF 


ON/OFF 


i Ol 
| 0.55. 
Ors 
a 
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Electrical Characteristics Limits in standard typeface are for Tj = 25°C, and limits in boldface type apply 
over the full operating temperature range. Unless otherwise specified: Vin = Voinom) + 1V, IL = 1 mA, Coyt = 1-HF, 


VoN/OFF = 2V. (Continued) ; 
|  LP29801-XX 
(Note 6) 
fh eos sis | 






Parameter 


Peak Output Current Vout 2 Voinom) 


Output Noise BW = 300 Hz—50 kHz, 1 60 
Voltage (RMS) Cout = 10 pF 









Ripple Rejection f = 1kHz 
. Cout = 10 pF 
Short Circuit Current Ri. = 0 (Steady State) Ea 


lo(MAX) 
(Note 9) . 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device outside of its rated operating conditions. : 


Note 2: The ESD rating of pins 3 and 4 is 1 kV. / . : : ei : 
Note 3: The maximum allowable power dissipation is a function of the maximum junction temperature, Ty ax), the junction-to-ambient thermal resistance, 8a, and 
the ambient temperature, Ta. The maximum allowable power dissipation at any ambient temperature is calculated using: 


T, -T, 
.P (MAX) = nse A 
; . 9A 


The value of 0) for the SOT-23 package is 300°C/W. Exceeding the maximum allowable power dissipation will cause excessive die temperature, and the regulator 
will go into thermal shutdown. ; : 


Note 4: If used in a dual-supply system where the regulator load is returned to a negative supply, the LP2980 output must be diode-clamped to ground. 


Note 5: The output PNP structure contains a diode between the Vix, and Vout terminals that is normally reverse-biased. Reversing the polarity from Vij to Vout 
will turn on this diode (see Application Hints). 7 : 


Note 6: Limits are 100% production tested at 25°C. Limits over the operating temperature range are guaranteed through correlation using Statistical Quality Control 
(SQC) methods. The limits are used to calculate National’s Averaging Outgoing Level (AOQL). 


Note 7: Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below the value measured with a 1V differential. 
Note 8: The ON/OFF inputs must be properly driven to prevent misoperation. For details, refer to Application Hints. 
Note 9: See Typical Performance Characteristics curves. : 


Basic Application Circuit 







*On/OFFO 


N/C 


OVER CURRENT/ 
OVER TEMP 
PROTECTION 


TL/H/12078-2 
“ON/OFF input must be actively terminated. Tie to Vin If this function is not to be used. ; 


**Minimum Output Capacitance is 1 uF to insure stability over full load current range. More capacitance provides superior dynamic performance and additional 
stability margin (see Application Hints). : . F 


***Do not make connections to this pin. 
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Ordering Information 


Output 
Voltage 
(V) 
5.0 
5.0 
5.0 
5.0 
3.3 
3.3 
3.3 
3.3 
3.0 
3.0 

3.0 
3.0° 


A. 
A 
STD 
STD 
A 
A 
STD 
STD 
ae 
A 
STD 
STD. 


Connection Diagram 


LP2980AIMS5X-3.3 


"TABLE |. Package Marking and Order Information 


Order Package 





Information Marking 


| tpessonmsxs.s | LooA 


LP2980IM5-3.0 LO2B 


OFF GND Vin 





N/C Vout 
Top View 
See NS Package Number MA05A 
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Supplied as: 


3k Units on Tape and Reel 
250 Units on Tape and Ree! 
3k Units on Tape and Reel 
250 Units on Tape and Reel 
3k Units on Tape and Reel 
250 Units on Tape and Reel 
3k Units on Tape and Reel 
250 Units on Tape and Reel 
3k Units on Tupe and Reel 
250 Units on Tape and Reel 
3k Units on Tape and Reel 
250 Units on Tape and Reel 
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Typical Performance Characteristics 


Unless otherwise specified: Ta = 25°C, Vin = ~ Vo(nom) + yy V» Cour = 2.2 pF, at voltage options, ON/OFF pin tied to Vin. 


Output Voltage vs 
... Temperature 
0 


Your. (V) 
* ow * 
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Oo : . 
oO , age 
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Output Voltage vs 
Temperature 
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Dropout Characteristics 
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Output Voltage vs 
Temperature 
3.288 


Vout = 3.3V 





3.278 ; 
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Dropout Characteristics 


Vour (V) 
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Dropout Characteristics 
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Typical Performance Characteristics (Continued) | 
Unless otherwise specified: Ta = 25°C, Vin = Voynom) + 1V, Cout = 2.2 pF, all voltage options, ON/OFF pin tied to Vin. 


Vorop (mV) 


IGND (A) 


ly (mA) 


Dropout Voltage vs 
Temperature 


= : 
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Ground Pin Current vs 
Temperature 
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Input Current vs Vin 
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Ig (yA) 


Vorop (mV) 


Dropout Voltage vs 
Load Current 


125 


100 


Ground Pin Current vs 


Load Current 
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LP2980 


Typical Performance Characteristics (Continued) 


Unless otherwise specified: Ta = 25°C, Vin = Voiwom) + 1V, Cout = 2.2 pF, all voltage options, ON/OFF pin tied to va 


Line Transient Response 


Vour (V) PTT tt [Your = 5v_ |_| 
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Load Transient Response 


LOAD CURRENT: 
(mA) 


10 ys/div—> 
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Load Transient Response 


I, (mA) 


10 ps/div—> 
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Line Transient Response 
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Load Transient Response 


ca i Cn) KG iE 
: 4 Jp 





10 ps/div—> 
TL/H/12078-42 


Load Transient Response 
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Typical Performance Characteristics (continued) 


Unless otherwise specified: Ta = 25°C, Vin = Vownom) + 1V, Court = 2.2 pF, all voltage options, ON/OFF pin tied to Vix. 


OUTPUT IMPEDANCE (2) 


Short Circuit Current 


Vin = 6V 


500 ms/div —> 
TL/H/12078-32 


Short Circuit Current 


Viy = 16V 
OUTPUT SHORTED TO GND 
AT TIME t = 0. 


: 
eS see sos 


20 ms/div —> 
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Output Impedance vs 
Frequency 
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Typical Performance Characteristics (Continued) 
Unless otherwise specified: Ta = 25°C, Vin = Voinom) + 1V, Court = 2.2 pF, all voltage options, ON/OFF pin tied to Vin. 


NOISE (2V/VHz) 
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Output Noise Density Output Impedance vs 
Frequency 
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OUTPUT IMPEDANCE (1) 
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Typical Performance 
Characteristics (Continued) 
Unless otherwise specified: 


Ta = 25°C, Vin = Vowwom + 1V, Cour = 2.2 pF, 
all voltage options, ON/OFF pin tied to Vin. 


ON/OFF Pin Current vs 
VON/OFF 


lon/orr (#4) 


8 10 
Von/orr (V) 


1214 
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Application Hints 


OUTPUT CAPACITOR 


Like any low-dropout regulator, the LP2980 requires an out- 
put capacitor to maintain regulator loop stability. This capac- 
itor must be selected to meet the requirements of minimum 
capacitance and equivalent series resistance (ESR) range. 
It is not difficult to find capacitors which meet the criteria of 
the LP2980, as the acceptable capacitance and ESR 
ranges are wider than for most other LDOs. = 


In general, the capacitor value must be at least 1 F (over 
the actual ambient operating temperature), and the ESR 
must be within the range indicated in Figures 1, 2, and 3. It 
should be noted that, although a maximum ESR is shown in 
these Figures, it is very unlikely to find a capacitor with ESR 
that high. i, oe ts 
Tantalum Capacitors 


Surface-mountable solid tantalum capacitors offer a good 
combination of small physical size for the capacitance val- 
ue, and ESR in the range needed by the LP2980. 


The results of testing the LP2980 stability with surface- 
mount solid tantalum capacitors show good stability with 
values of at least 1 pF. The value can be increased to 
2.2 pF (or more) for even better performance, including 
transient response and noise. 


Small value tantalum capacitors that have been verified as 
suitable for use with the LP2980 are shown in Table Il. Ca- 
pacitance values can be increased without limit. 


Aluminum Electrolytic Capacitors 


Although probably not a good choice for a production de- 
sign, because of relatively large physical size, an aluminum 
electrolytic capacitor can be used in the design prototype 
for an LP2980 regulator. A value of at least 1 »F should be 
used, and the ESR must meet the conditions of Figures 1, 2 
and 3. If the operating temperature drops below 0°C, the 
reguiator may not remain stable, as the ESR of the alumi- 
num electrolytic capacitor will increase, and may exceed the 
limits indicated in the Figures. 
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TABLE Il. Surface-Mount Tantalum Capacitor 
Selection Guide , 


1 »F Surface-Mount Tantalums 
Manufacturer Part Number 


T491A105M010AS 


Kemet. 


NEC — NRU105M10 


2.2 »F Surface-Mount Tantalums 


Nichicon 


Sprague ' . 


Multilayer Ceramic Capacitors. — 
Surface-mountable multilayer ceramic capacitors may be an 
attractive choice because of their relatively small physical 
size and excellent RF characteristics. However, they some- 
times have ESR values lower than the minimum required by 
the LP2980, and relatively large capacitance change with 
temperature. The manufacturer’s datasheet for the capaci- 
tor should be consulted before selecting a value. 


Test results of LP2980 stability using multilayer ceramic ca- 
pacitors show that a minimum value of 2.2 wF is usually 
needed for the 5V regulator. For the lower output voltages, 
or for better performance, :a higher value should be used, 
such as 4.7 pF. 


Multilayer ceramic capacitors that have been verified as 
suitable for use with the LP2980 are shown in Table III. 


TABLE III. Surface-Mount Multilayer Ceramic Capacitor 
; Selection Guide 
2.2 uF Surface-Mount Ceramic 
. Part Number 
 1E225ZY5U-C203 
GRM42-6Y5V225Z16 


4.7 wF Surface-Mount Ceramic 


__ Part Number 
| Tokin | a75zv5u-c904 


Manufacturer 
Tokin 


Murata 
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Application Hints (Continuea) 


ESR (0) 


ESR (0) 


ESR (a) 








LOAD CURRENT (mA) 


FIGURE 1. 1 ».F ESR Range 
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~ LOAD CURRENT (ma) 


FIGURE 2. 2.2 uF ESR Range 
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FIGURE 3. 10 uF ESR Range 
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REVERSE CURRENT PATH 


The power transistor used in the LP2980 has an inherent 
diode connected between the regulator input and output 
(see below). 


TL/H/12078-34 


If the output is forced above the input by more than a Vee, 
this diode will become forward biased and current will flow 
from the Vout terminal to Vin. No damage to the LP2980 
will occur under these conditions as long as the current 
flowing into the output pin does not exceed 100 mA. 


ON/OFF INPUT OPERATION 


The LP2980 is shut off by pulling the ON/OFF input low, 
and turned on by driving the input high. If this feature is not 
to be used, the ON/OFF input should be tied to Vin, to keep 
the regulator on at all times (the ON/OFF input must not be 
left floating). 


To ensure proper operation, the signal source used to drive 
the ON/OFF input must be able to swing above and below 
the specified turn-on/turn-off voltage thresholds which 
guarantee an ON or OFF state (see Electrical Characteris- 
tics). 
The ON/OFF signal may come from either a totem-pole out- 
put, or an open-collector output with pull-up resistor to the 
LP2980 input voltage or another logic supply. The high-level 
voltage may exceed the LP2980 input voltage, but must re- 
main within the Absolute Maximum Ratings for the ON/OFF 
pin. 

It is also important that the turn-on/turn-off voltage signals 
applied to the ON/OFF input have a slew rate which is 
greater than 40 mV/js. 


Important: the regulator shutdown function will operate in- 


correctly if a slow-moving signal is applied to the ON/OFF 
input. 








Typical Applications 


5V/400 mA Regulator 















INPUT 
(Note E) 


ON/OFF 
(Note A) 






far 
Note C 


The LP2980 can be used to control higher-current regula- 
tors, by adding an external PNP pass device. With the PNP 
transistors shown, the output current can be as high as 400 
mA, as long as the input voltage is held within the Safe 
Operation Boundary Curves shown below. 

To ensure regulation, the minimum input voltage of this reg- 
ulator is 6V. This “headroom” is the sum of the Vgg of the 
external transistor and the dropout voltage of the LP2980. 





ie he 


Naao 
Note B 





5V OUT 
|, = 400 mA (max) 
(Note £) 


+ 2.2 uF 
antalum 
(Rots C,D) 


GND 
TL/H/12078-51 


Notes: 

A. Drive this input with a logic signa! (see Application Hints). 
If the shutdown function is not to be used, tie the ON/OFF 
pin directly to the Vix pin. 


B. Recommended devices (other PNP transistors can be 
used if the current gain and voltage ratings are similar). 


C. Capacitor is required for regulator stability. Minimum size 
is shown, and may be increased without limit. 


D. Increasing the output capacitance improves transient re- 
sponse and increases phase margin. 


E. Maximum safe input voltage and load current are limited 
by power dissipation in the PNP pass transistor and the 
maximum ambient temperature for the specific application. 
If a TO-92 transistor such as the MPS2907A is used, the 
thermal resistance from junction-to-ambient is 180°C/W in 
still air. 

Assuming a maximum allowable junction temperature of 
150°C for the MPS2907A device, the following curves show 
the maximum Vij and I, values that may be safely used for 
several ambient temperatures. 


Safe Operation Boundary Curves 





20 }----+--- 
1 
~ 15 
~< 
< 
3 
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z 
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5 -----+- 
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PERATING POINT MUST ics 


-4)0 
|] BE ON OR BELOW CURVE 
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Typical Applications (Continued) 


5V to 3.3V @ 3A Converter 


WN 
4.5V-5.5V 


ON/OFF 
(Note A) Bad 
; 71 pF 
Tantalum 
(Note B) 


With limited input voltage range, the LP2980 can control a 
3.3V,.3A.regulator with the use of a high current-gain exter- 
nal PNP pass transistor. If the regulator i is to be loaded with 
the full 3A, heat sinking will be required on the pass transis- 
tor to keep it within its rated temperature range. Refer to the 
Heatsink Thermal Resistance Requirements, below. For 
best load regulation at the high load current, the LP2980 
output voltage connection should be" made as close to the 
load as possible. 

Although this regulator can handle a much higher load-cur- 
rent than can the LP2980 alone, it can be shut down in the 
same manner as the LP2980. When the ON/OFF control is 
brought low, the converter will be in shutdown, and will draw 
sia then 1 ae hom the source. 


' 


Vin 


ON/OFF 
LP2980-3.3 


GND 


D45H5 
(Note D) 


“Vout. 
3.3V @ 3A (max) 


+ 22yF 
Tantalum — 
(Notes B,C) 


Vout 


GND 
TL/H/12078-53 


Notes: =... ver 


A. Drive this input with a logic sina (see Appligation Hints). 
\f the shutdown function is not to be used, tie ine ou ere 
pin directly to the Vin pin. ©” 


B. Capacitor is required for regulator stability. Minimum size 
is shown, and may be increased without limit. - 


C. Increasing the output capacitance’ improves transient re- 
sponse and increases phase margin. 


D. A heatsink may be required for this transistor. The maxi- 
mum allowable value for thermal resistance of the heatsink 
is dependent on ambient temperature and load current (see 
curves below). Once the value is obtained from the graph, a 
heatsink must be selected which has a thermal resistance 
equal to or lower than this value. If the value is above 
60°C/W, no heatsink is required (the TO-220 package alone 
will safely dissipate this). 


For these curves, a maximum junction temperature of 150°C 
is assumed for the pass transistor. The case-to-heatsink at- 
tachment thermal resistance is assumed to be 1.5°C/W. All 
calculations are for 5.5V input voltage (which is worst-case 
for power dissipation). 


Heatsink Thermal Resistance Requirements 
°C/W 


Le 
o 
=z 
<< 
e 
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n 
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< 
= 
[oa 
tu 
= 
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MAXIMUM ALLOWABLE HEATSINK 
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No HEA peices pBOYE 60 °C/W 
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AV ational Semiconductor 


LP2952/LP2952A/LP2953/LP2953A 
Adjustable Micropower Low-Dropout Voltage Regulators 


General Description 


The LP2952 and LP2953 are micropower voltage regulators 
with very low quiescent current (130 pA typical at 1 mA 
load) and very low dropout voltage (typ. 60 mV at light load 
and 470 mV at 250 mA load current). They are ideally suited 
for battery-powered systems. Furthermore, the quiescent 
current increases only slightly at dropout, which prolongs 
battery life. - ; 

The LP2952 and LP2953 retain all the desirable characteris- 
‘tics of the LP2951, but offer increased output current, addi- 
tional features, and an improved shutdown function. 


The internal crowbar pulls the output down quickly when the 
shutdown is activated. 


The error flag goes: low if the output voltage drops out of 
regulation. 


Reverse battery protection is provided. 


The internal voltage reference is made available for externa! 
use, providing a low-T.C. reference with very good line and 
load regulation. 


The parts are available in DIP and surface mount packages. 


Block Diagrams 


LP2952 


DROPOUT 
DETECTION 
COMP 


SHUTDOWN 
COMP 


TL/H/11127=1 


Features 

m™ Output voltage adjusts from 1.23V to 29V 
Guaranteed 250 mA output current 
Extremely low quiescent current 

Low dropout voltage 

Extremely tight line and load regulation 
Very low temperature coefficient 
Current and thermal limiting 

Reverse battery protection 

50 mA (typical). output pulldown crowbar 
5V and 3.3V versions available 


LP2953 Versions Only 


m Auxiliary comparator included with CMOS/TTL compati- 
ble output levels. Can be used for fault detection, low 
input line detection, etc. 


Applications 

&@ High-efficiency linear regulator 

m@ Regulator with under-voltage shutdown 
mg Low dropout battery-powered regulator 
mw Snap-ON/Snap-OFF regulator 


LP2953 


DROPOUT 
DETECTION 
COMP 


TL/H/11127-2 
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LP2952/LP2952A/LP2953/LP2953A 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, .- Lead Temp. (Soldering, 5 seconds) . | 260°C 
please contact the National Semiconductor Sales Power Dissipation (Note 2) Internally Limited 
Office/Distributors for availability ae sailings Input Supply Voltage ~20V to +30V 
hie baecara dea =OG Ss Ta St 1Se 8 Feedback Input Voltage (Note 3)  =0.3V to +5V 
perating Temperature Range = 
LP2952I, LP29531, LP2952Al, . Comparator Input Voltage (Note 4) 0.3V to +30V 
LP2953Al, LP29521-3.3, LP2953I-3.3,  — : Shutdown input Voltage (Note 4) —0.3V to +30V 
LP2952AI-3.3, LP2953AI-3.3 —40°C < Ty < +125°C Comparator Output Voltage (Note 4) —0.3V to +30V 
LP2953AM —55°C < Ta < +125°C ESD Rating (Note 15) ; ; 2kV 


Maximum Junction Temperature 
LP29521, LP29531, LP2952Al, 
LP2953Al, LP2952I-3.3, LP2953!-3. 3, 
LP2952AI-3.3, LP2953AlI-3.3 +125°C 
LP2953AM +150°C 


Electrical Characteristics Limits in standard typeface are for T) = 25°C, bold typeface applies over the full 
operating temperature range. Limits are guaranteed by production testing or correlation. techniques using standard Statistical 
Quality Control (SQC) methods. Unless otherwise specified: Vij, = Vo(NOM) + 1V, IL = 1 mA, CL = 2.2 pF for 5V parts and 
4.7uF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin. 


4 


3.3V Versions 


. LP2952AI-3.3, LP2953AlI-3.3 LP2952I-3.3, LP2953I-3.3 


Output Voltage 3.284 3.317 3.267 3.333 
as faery 340 3. aa 3. aaeeal 


limA <1, <250mA| 3.3 | 













5V Versions 


LP2952Al, LP2953Al, 
LP2952I, LP29531 
Conditions Typical =a (Note 17) } _urzesa,LPzosat 
Output Voltage 4. 2 5.025 4,950 5.050 
4.940 5.060 4.900 | 5.100 


mich gee | sa _sege_|_sere | sege 2.120 










All Voltage Options 







LP2952Al, LP2953Al, 
LP2952Al-3.3, LP2953AlI-3.3, 
fear teed as 17) 







LP2952I, LP29531, 


LP2952I-3.3, LP29531-3.3 | Units 








Siar Voltage [Vin = Vo(NOM) + 1V 
Line Regulation |. to 30V 


Output Voltage {IL = 1mAto250mA 
Load Regulation |l_ = 0.1 mAto1mA 
(Note 6) 













\, = 100 mA 400 400 
520 520 

IL = 250 mA 600 600 

Pe ee a | cee =e ee 
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Electrical Characteristics Limits in standard typetace are for Ty = 25°C, bold typeface applies over the full 
operating temperature range. Limits are guaranteed by production testing or correlation techniques using standard Statistical 
Quality Control (SQC) methods. Unless otherwise specified: Viy = Vo(NOM) + 1V, lL = 1 mA, CL = 2.2 pF for 5V parts and 
4.7pF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin. (Continued) ~ 


All Voltage Options (Continued) 


LP2952Al, LP2953Al, 
LP2952AlI-3.3, LP2953AlI-3.3, 


LP2952I, LP2953l, 


Symbol Parameter LP2953AM (Note 17). LP2952I-3.3, LP29531-3.3 Units 





Ignp =‘ |Ground Pin Current 
(Note 8) 





reall eee hates EJ a 
AVo_|Thermal Regulation |(Note 10) 
APd 


8n 


iGNo Ground Pin Current |Vin, = Vo(NOM) —0.5V A 
at Dropout (Note 8) |IL = 100 pA 2 
lanp Ground Pin Current |(Note 9) ; 2 Ne : 
at Shutdown (Note 8) bea 10 pA 


VREF 


AVrer {Reference Voltage [Vij = 2.5V to Vo(NOM) + 1V 
Vref [Line Regulation Vin = Vo(NOM)+ 1V to 30V 
(Note 13) 


AVrer |Reference Voltage |IReF = 0 to 200 pA oo 0.4 — 
Vrer |Load Regulation : 0.6 


Ip(FB) |Feedback Pin 
Bias Current 


lo Output “OFF” (Note 9) 
(SINK) |Pulldown Current 


AVrer |Reference Voltage |(Note 5) 
AT |Temp. Coefficient . 
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LP2952/LP2952A/LP2953/LP2953A 


Electrical Characteristics Limits in standard typeface are for T) = 25°C, bold typeface applies over the full 
operating temperature range. Limits are guaranteed by production testing or correlation techniques using standard Statistical 
Quality Control (SQC) methods. Unless otherwise specified: Vij = Vo(NOM) + 1V, IL = 1 mA, CL = 2.2 uF for 5V parts.and 
4.7pF for 3.3V parts. Feedback pin is tied to V Tap pin, Output pin is tied to Output Sense pin. (Continued) 












LP2952Al!, LP2953Al, 
LP2952Al-3.3, LP2953AI-3.3, 
LP2953AM (Note 17) 





’ LP2952I, LP29531, 
LP29521-3.3, LP29531-3.3 












Symbol Parameter Conditions — 


DROPOUT DETECTION COMPARATOR 


Output “HIGH” Vou = 30V 
Leakage 


Output “LOW” Vin = Vo(NOM) — 0.5V 
Voltage Io(COMP) = 400 pA 


Upper Threshold (Note 14) 

Voltage 

Lower Threshold (Note 14) —110 —110 
Voltage -—160 —160 


(Note 14 a ee 


SHUTDOWN INPUT (Note 16) 


Vos input Offset Voltage | (Referred to Vrer) -7.5 7.5 -7.5 7.5 ay 
-4 ——— -1 eas a Oo 


HYST | Hysteresis =| mV 





-7.5 fe 

-~10 ~75 . 78 

LP2953AM -7.5 7.5 =e ad 
-12 12 


[= Se SG 5 AAR RT EE ART 


Vou = 30V 

Vin(COMP) = 1.3V 
Vin(COMP) = 1.1V 
Io(COMP) = 400 pA 





AUXILIARY COMPARATOR (LP2953 Only) 















Vos Input Offset Voltage | (Referred to Vper) 


mV « 





















Output “HIGH” 
Leakage 






Output “LOW” 
Voltage 





mV 
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Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device outside of its rated operating conditions. 


Note 2: The maximum allowable power dissipation is a function of the maximum junction temperature, Ty(MAX), the junction-to-ambient thermal resistance, 65.4, 
Ty(MAX) - Ta 


and the ambient temperature, Ta. The maximum allowable power dissipation at any ambient temperature Is calculated using: P (MAX) = 5 
: : OJ-A 


Exceeding the maximum allowable power dissipation will cause excessive die temperature, and the regulator will go into thermal shutdown. See APPLICATION 
HINTS for additional information on heatsinking and thermal resistance. 


Note 3: When used in dual-supply systems where the regulator load is returned to a negative supply, the output voltage must be diode-clamped to ground. 
Note 4: May exceed the input supply voltage. 
Note 5: Output or reference voltage temperature coefficient Is defined as the worst case voltage change divided by the total temperature range. 


Note 6: Load regulation is measured at constant junction temperature using low duty cycle pulse testing. Two separate tests are performed, one for the range of 
100 pA to 1 mA and one for the 1 mA to 250 mA range. Changes in output voltage due to heating effects are covered by the thermal regulation specification. 


Note 7: Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below the value measured mn a 1V differential. At 
very low values of programmed output voltage, the input voltage minimum of 2V (2.3V over temperature) must be observed. 


Note 8: Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the ground pin current, output load current, and 
current through the external resistive divider (if used). 


Note 9: VsHuTDOWN * 1.1V, Vout = Vo(NOM). 


Note 10: Thermal regulation is the change in output voltage at a time T after a change in power dissipation, excluding load or line regulation effects. Specifications 
are for a 200 mA load pulse at Vij = Vo(NOM)+ 15V (3W pulse) for T = 10 ms. 


Note 11: Connect a 0.1 »F capacitor from the output to the feedback pin. 
Note 12: Veer < Vout < (Vin — 1V), 2.3V < Vin < 30V, 100 pA < IL < 250 mA. ° 
Note 13: Two separate tests are performed, one covering 2.5V < Vin < Vo(NOM)+ 1V and the other test for Vo(NOM)+1V < Vin s.30V. 


Note 14: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference voltage measured at 
Vin = Vo(NOM) + 1V. To express these thresholds in terms of output voltage change, multiply by the Error amplifier gain, which is Voyt/Vrer = (R1 + Ra)/R2 
(refer to Figure 4). 


Note 15: Human body mode!, 200 pF discharged through 1.5 kn. 
Note 16: Drive Shutdown pin with TTL or CMOS-low level to shut regulator OFF, high level to turn regulator ON. 


Note 17: A military RETS specification Is available upon request. At the time of printing, the LP2953AMJ/883C RETS specification complied with the boldface 
limits in this column. , 
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LP2952/LP2952A/LP2953/LP2953A 


Typical Performance pharacterietcs: Unless otherwise specified: Min = 6V, IL = 1mA,CL = 22 BF, 
Vsp = 8V, Taree Vout = 5V. : 


Qulescent Current _ Quiescent Current . Ground Pin Current vs Load 
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Typical Performance Characteristics unless otherwise specified: Vin = 6V, IL = 1mA, C = 2.2 pF, 
Vsp = 3V, Ta = 25°C, Vout = 5V. (Continued) 
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COMPARATOR OUTPUT (V) OUTPUT CURRENT (mA) OUTPUT VOLTAGE (V) 


COMPARATOR THRESHOLD VOLTAGES (mV) 
REFERRED TO REGULATOR OUTPUT 
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Dropout Characteristics 
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LP2952/LP2952A/LP2953/LP2953A 


Typical Performance Characteristics unless otherwise specified: Vij = 6V, IL = 1 mA, CL = 2.2 pF, 
Vsp = 3V, Ta = 25°C, Vout = 5V. (Continued) 
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Schematic Diagram 
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Application Hints 


HEATSINK REQUIREMENTS (industrial Temperature 
Range Devices) 
The maximum allowable power dissipation for the 
P2952/LP2953 is limited by the maximum junction temper-. 
ature (+ 125°C) and the external factors that determine how 
quickly heat flows away from the part: the ambient tempera- 
ture and the junction-to-ambient thermal resistance for the 
specific application. 
The industrial temperature range (— 40°C < Ty s +125°C) 
parts are manufactured in plastic DIP and surface mount 
packages which contain a copper lead frame that allows 
heat to be effectively conducted away from the die, through 
the ground pins of the IC, and into the copper of the PC 
board. Details on heatsinking using PC board copper are 
covered later. 
To determine if a heatsink is required, the maximum power 
dissipated by the regulator, P(max), must be calculated. It is 
important to remember that if the regulator is powered from 
a transformer connected to the AC line, the maximum 
specified AC input voltage must be used (since this pro- 
duces the maximum DC input voltage to the regulator). Fig- 
ure 7 shows the voltages and currents which are present in 
the circuit. The formula for calculating the power dissipated 
in the regulator is also shown in Figure 7: 


Vout 





OUT 


LP2952/ 
LP2953 


TL/H/11127-7 


Protat = (Vin — Vout) IL + (Vin) Iq 
FIGURE 1. Current/Voltage Diagram 


The next parameter which must be calculated is the maxi- 
mum allowable temperature rise, TR(max). This is calculat- 
ed by using the formula: 
Trimax) = Ty(max) — Ta(max) 

where: Tj(max) is the maximum allowable junction tempera- 

ture 

Ta(max) is the maximum ambient temperature 
Using the calculated values for TR(max) and P(max), the 
required value for junction-to-ambient thermal resistance, 
§(J-a), can now be found: 

6(J-A) = TR(max)/P(max) 

The heatsink is made using the PC board copper. The heat 
is conducted from the die, through the lead frame (inside 
the part), and out the pins which are soldered to the PC 
board. The pins used for heat conduction are: 


TABLE | 







LP2952IN, LP2952AIN, ere 
LP2952IN-3.3, LP2952AIN-3.3 10, 14, 12 
LP2953IN, LP2953AIN, 

LP2953IN-3.3, LP2953AIN-3,9 | 'OPINDIP /4,5, 12,13 
LP29521M, LP2952AIM, 

LP2952IM-3.3, LP2952AIM-3.3,| 16-Pin Surface 
LP2953/M, LP2953AIM, 

LP29531M-3.3, LP2953AIM-3.3 















1, 8, 9, 16 





ee 


7-111 


Figure 2 shows copper patterns which may be used to dissi- 
pate heat from the LP2952 and LP2953: 


WINN 





TL/H/11127-8 
*For best results, use L = 2H 


**14-Pin DIP is similar, refer to Table t for pins designated for heatsinking. 
FIGURE 2. Copper Heatsink Patterns 


Table Il shows some values of junction-to-ambient thermal 
resistance (0y_,) for values of L and W for 1 oz. copper: 





TABLE II 
[Package [ttm | Wend | Sxaccrw | 
senor | + | os | 70 | 





. 14-Pin DIP 






Surface Mount 
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Application Hints (continued) 


HEATSINK REQUIREMENTS (Military Temperature 
Range Devices) 


The maximum allowable power dissipation for the 
LP2953AM\ is limited by the maximum junction temperature 
(+150°C) and the two parameters that determine how 
quickly heat flows away from the die: the ambient tempera- 
ture and the junction-to-ambient thermal resistance of the 
part. 


The military temperature range (—55°C < Ty <+150°C) 
parts are manufactured in ceramic DIP packages which con- 
tain a KOVAR lead frame (unlike the industrial parts, which 
have a copper lead frame). The KOVAR material is neces- 
sary to attain the hermetic seal required in military applica- 
tions. 


The KOVAR lead frame does not conduct heat as well as 
copper, which means that the PC board copper can not be 
used to significantly reduce the overall junction-to-ambient 
thermal resistance in applications using the LP2953AMJ 
part. 


The power dissipation calculations for military applications 
are done exactly the same as was detailed in the previous 
section, with one important exception: the value for @(y_), 
the junction-to-ambient thermal resistance, is fixed at 
95°C/W and can not be changed by adding copper foil pat- 
terns to the PC board. This leads to an important fact: The 
maximum allowable power dissipation in any application us- 
ing the LP2953AMJ is dependent only on the ambient tem- 
perature: 


P(max) = Trimax) / 9(-A) - 
P(max) = Ty(max) os Ta(max) 


9(J-A) 


P(max) 95 

Figure 3 shows a graph of maximum allowable power dissi- 
pation vs. ambient temperature for the LP2953AMJ, made 
using the 95°C/W value for @(y.a) and assuming a maxi- 
mum junction temperature of 150°C (caution: the maximum 
ambient temperature which will be reached in a given appli- 
cation must always be used to calculate maximum allowable 
power dissipation). 


MAXIMUM POWER DISSIPATION (W) 


EXTERNAL CAPACITORS 


A 2.2 uF (or greater) capacitor is required between the out- 
put pin and ground to assure stability when the output is set 
to 5V. Without this capacitor, the part will oscillate. Most 
type of tantalum or aluminum electrolytics will work here. 
Film types will work, but are more expensive. Many alumi- 
num electrolytics contain electrolytes which freeze at 
-—30°C, which requires the use of solid tantalums below 
— 25°C. The important parameters of the capacitor are an 
ESR of about 52 or less and a resonant frequency above 
500 kHz (the ESR may increase by a factor of 20 or 30 as 
the temperature is reduced from 25°C to —30°C). The value 
of this capacitor may be increased without limit. 


At lower values of output current, less output capacitance is 
required for stability. The capacitor can be reduced to 
0.68 yF for currents below 10 mA or 0.22 uF for currents 
below 1 mA. 


Programming the output for voltages below 5V.runs the er- 
ror amplifier at lower gains requiring more output capaci- 
tance for stability. At 3.3V output, a minimum of 4.7 pF is 
required. For the worst-case condition of 1.23V output and 
250 mA of load current, a 6.8 AF (or larger) capacitor should 
be used. 


A 1 pF capacitor should be placed from the input pin to 
ground if there is more than 10 inches of wire between the 
input and the AC filter capacitor or if a battery input is used. 


Stray capacitance to the Feedback terminal can cause in- 
stability. This problem is most likely to appear when using 
high value external resistors to set the output voltage. Add- 
ing a 100 pF capacitor between the Output and Feedback 
pins and increasing the output capacitance to 6.8 uF (or 
greater) will cure the problem. 


MINIMUM LOAD 


When setting the output voltage using an external resistive 
divider, a minimum current of 1 A is recommended through 
the resistors to provide a minimum load. 


It should be noted that a minimum load current is specified 
in several of the electrical characteristic test conditions, so 
this value must be used to obtain correlation on these test- 
ed limits. 


AMBIENT TEMPERATURE (°C) 


TL/H/11127-26 


FIGURE 3. Power Derating Curve for LP2953AMJ 





Application Hints (Continued) 


PROGRAMMING THE OUTPUT VOLTAGE 


The regulator may be pin-strapped for 5V operation using its 
internal resistive divider by tying the Output and Sense pins 
together and also tying the Feedback and 5V Tap pins to- 
gether. 


Alternatively, it may be programmed for any voltage be- 
tween the 1.23V reference and the 30V maximum rating 
using an external pair of resistors (see Figure 4). The com- 
plete equation for the output voltage is: 


R1 
Vout = VREF X (1 + =) + (Ipp x R1) 


where Vre_r is the 1.23V reference and lrg is the Feedback 
pin bias current (—20 nA typical). The minimum recom- 
mended load current of 1 wA sets an upper limit of 1.2 MN 
on the value of R2 in cases where the regulator must work 
with no load (see MINIMUM LOAD). I¢g will produce a typi- 
cal 2% error in Voyt which can be eliminated at room tem- 
perature by trimming R1. For better accuracy, choosing 
R2 = 100 kf will reduce this error to 0.17% while increas- 
ing the resistor program current to 12 pA. Since the typical 
quiescent current is 120 pA, this added current is negligible. 


+Vin 


ERROR 


+V, 
OUTPUT 1N 


ERROR Voy 


LP2952/3 


so 


SHUTDOWN 
INPUT** 


ON 
OFF =i 


: TL/H/11127-9 
FIGURE 4. Adjustable Regulator 
*See Application Hints 
**Drive with TTL-low to shut down 


DROPOUT VOLTAGE 


The dropout voltage of the regulator is defined as the mini- 
mum input-to-output voltage differential required for the out- 
put voltage to stay within 100 mV of the output voltage mea- 
sured with a 1V differential. The dropout voltage is indepen- 
dent of the programmed output voltage. 


DROPOUT DETECTION COMPARATOR 


This comparator produces a logic “LOW” whenever the out- 
put falls out of regulation by more than about 5%. This fig- 
ure results from the comparator’s built-in offset of 60 mV 
divided by the 1.23V reference (refer to block diagrams on 
page 1). The 5% low trip level remains constant regardless 
of the programmed output voltage. An out-of-regulation con- 
dition can result from low input voltage, current limiting, or 
thermal limiting. 
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Figure 5 gives a timing diagram showing the relationship 
between the output voltage, the ERROR output, and input 
voltage as the input voltage is ramped up and down to a 
regulator programmed for 5V output. The ERROR signal be- 
comes low at about 1.3V input. It goes high at about 5V 
input, where the output equals 4.75V. Since the dropout 
voltage is load dependent, the Input voltage trip points will 
vary with load current. The output voltage trip point does 
not vary. 


The comparator has an open-collector output which re- 
quires an external pull-up resistor. This resistor may be con- 
nected to the regulator output or some other supply voltage. 
Using the regulator output prevents an invalid “HIGH” on 
the comparator output which occurs if it is pulled up to an 
external voltage while the regulator input voltage is reduced 
below 1.3V. In selecting a value for the pull-up resistor, note 
that while the output can sink 400 pA, this current adds to 
battery drain. Suggested values range from 100 kN to 
1 MQ. This resistor is not required if the output is unused. 


When Vin < 1.3V, the error flag pin becomes a high imped- 
ance, allowing the error flag voltage to rise to its pull-up 
voltage. Using Voyrt as the pull-up voltage (rather than an 
external 5V source) will keep the error flag voltage below 
1.2V (typical) in this condition. The user may wish to divide 
down the error flag voltage using equal-value resistors 
(10 kX. suggested) to ensure a low-level logic signal during 
any fault condition, while still allowing a valid high logic level 
during normal operation. 


OUTPUT 
VOLTAGE 


ERROR 
OUTPUT 


VOLTAGE 
TL/H/11127-10 
FIGURE 5. ERROR Output Timing © 


*In shutdown mode, ERROR will go high if it has been pulled up to an 
external supply. To avoid this invalid response, pull up to regulator output. 


**Exact value depends on dropout voltage. (See Application Hints) 


OUTPUT ISOLATION 


The regulator output can be left connected to an active volt- 
age source (such as a battery) with the regulator input pow- 
er shut off, as long as the regulator ground pin is con- 
nected to ground. If the ground pin is left floating, damage 
to the regulator can occur if the output is pulled up by an 
external voltage source. 
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Application Hints (Continue) 


REDUCING OUTPUT NOISE on 


In reference applications it may be advantageous to reduce 
the AC’ noise present on the output. One method is to re- 
duce regulator bandwidth by increasing output capacitance. 
This is relatively inefficient, since large increases in capaci- 
tance are required to get significant improvement. 


Noise can be reduced more. effectively bya bypass capaci- 
tor placed across R1 (refer to Figure 4). The formula for 
selecting the capacitor to be used is: , 


1 
Qn R1 x 20 hz 


This gives a value of about 0.1 uF. When this is used, the 
output capacitor must be 6.8. uF (or greater) to maintain 
stability. The 0.1 F capacitor reduces the high frequency 
gain of the circuit to unity, lowering the output noise from 
260 pV to 80 pV using a 10 Hz to 100 kHz bandwidth. Also, 
noise is‘no longer proportional to the output voltage, so im- 
provements are more pronounced at high output voltages.: 


AUXILIARY COMPARATOR (LP2953 only) 


The LP2953 contains an auxiliary comparator whose invert- 
ing input is connected. to the 1.23V reference. The auxiliary 
comparator has an open-collector output whose electrical 
characteristics are similar to the dropout detection compar- 
ator. The non-inverting input and output are brought out for 
external connections. 


SHUTDOWN INPUT 


A logic-level signal will shut off the regulator output ahaa a 
“LOW” (<1.2V) is applied to the Shutdown input. 


To prevent possible mis-operation, the Shutdown input must 
be actively terminated. If the input is driven.from open-col- 
lector logic, a pull-up resistor (20 kN. to 100 kN recommend- 
ed) should be connected from the Shutdown input to the 
regulator input. 


If the Shutdown input is driven from a source that actively 
pulls high and low (like an op-amp), the Leu up resistor is 
not required, but may be used. - 


If the shutdown function is not to be used, the cost of the 
pull-up resistor can be saved by simply tying the Shutdown 
input directly to the regulator input. 


IMPORTANT: Since the Absolute Maximum Ratings state 
that the Shutdown input can not go more than 0.3V below 
ground, the reverse-battery protection feature which pro- 
tects the regulator input is sacrificed if the Shutdown input is 
tied directly to the regulator input. 

If reverse-battery protection is required in an application, the 
pull-up resistor between the Shutdown input and the regula- 
tor input must be used. 


Cg = 


Lea 
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Pinout Drawings 


LP2952 . 
14-Pin DIP 


LP2952° 
16-Pin SO. 


on OM wee Dm 


TL/H/11127-11 
TL/H/11127~12 


LP2953 
46-Pin DIP 


LP2953 
16-PinSO . 


SHUTDOWN 
ERROR 


on rnnewn = 


TL/H/11127-13 TL/H/11127-14 


Ordering Information 
LP2952 - , 
NSC 


_ Drawing 
Number 


Order 


Number Package 


LP2952IN, LP2952AIN, 
LP2952IN-3.3, 
LP2952AIN-3.3 


14-Pin 
Molded DIP 
16-Pin 


Surface 
Mount 


LP2952iM, LP2952AIM, 
LP2952IM-3.3, 
LP2952AIM-3.3 


LP2953 


NSC 
Drawing 
Number 


Order ae 
Number Peckage 
LP2953N, LP2953AIN, 
LP2953IN-3.3, 
LP2953AIN-3.3 


LP2953!M, LP2953AIM, 
LP29531M-3.3, 
LP2953AIM-3.3 


= ~85t0} 16-Pin 16a 
+150 Ceramic DIP 


16-Pin 
Molded DIP 


+125 — Surface Mount 





Typical Applications 


Basic 5V Regulator 





+Vin 
V TAP 
Vout 


FB SENSE 5V OUT 


LP2952/ 
LP2953 







TL/H/11127-15 


Low T.C. Current Sink 


= 2.3 to 30V 
[i 
aaa 

LOAD 


1.23 
R 


L 


Vin 
Vout 
LP2952/ 
ere Secee LP2953 
SHUTDOWN 
INPUT 


ON 
OFF oe 
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5V Current Limiter with Load Fault Indicator 
5V BUS 


al 
Vv TAP 






OUTPUT 











*4,3-5V 
FB scueE 
°Rd LP2953 1k 
COMP COMP 
FAULT 


INPUT OUT 


TL/H/11127-16 


*Output voltage equals +V)y minum dropout voltage, which varies with out- 
put current. Current limits at a maximum of 380 mA (typical). 


**Select R1 so that the comparator input voltage is 1.23V at the output 
voltage which corresponds to the desired fault current value. 


5V Regulator with Error Flags for 
LOW BATTERY and OUT OF REGULATION 


# +Vin 


Vout 


FB SENSE 
LP2953 


COMP COMP 







*LOW BATT 





* OUT OF 
REGULATION 


TL/H/11127-18 
*Connect to Logic or »P control inputs. 


LOW BATT flag warns the user that the battery has discharged down to 


about 5.8V, giving the user time to recharge the battery or power down some 
hardware with high power requirements. The output is still in regulation at 
this time. 

OUT OF REGULATION flag indicates when the battery is almost completely 
discharged, and can be used to initiate a power-down sequence. 
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Typical Applications (continued) 


5V Battery Powered Supply with Backup and Low Battery Flag 


RECHARGE PWR 
CIRCUITRY ON 


The circuit switches to the 

NI-CAD backup battery 

when the main battery volt- ‘ 
age drops below about §y == 
5.6V, and returns to the LEAD == 
main battery when its volt- acip 

age is recharged to about ain 

6V. 


The 5V MAIN output pow- 

ers circuitry which requires 

no backup, and the 5V 

MEMORY output powers 

critical circuitry which can 

not be allowed to lose pow- 

er. 

“The BATTERY LOW flag 

goes low whenever the cir- * BATT LOW 
cuit switches to the NI-CAD FLAG 
backup battery. 


1N 
914 


5V Regulator with Timed Power-On Reset 


au 
Vv TAP a 


FB ise 
LP2953 


COMP COMP 
INPUT OUT 


ERR 


TL/H/11127~20 


5V OUT 
(MAIN) 


1A SCHOTTKY 
SV OUT 
(MEMORY) 


+ 

Sv =k 
NICAD = 
BACKUP “>= 
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Timing Diagram for Timed Power-On Reset 


Vin a ae 
0 
“ev - 5V 
0 ‘ 
a, t 
RESET tte | 
—>| 28 ms* |e— TIME DELAY 


TL/H/11127-21 
*Rr = 1MEG, Cy = 0.1 pF 





Typical Applications (continued) 


5V Regulator with Snap-On/Snap-Off 
Feature and Hysteresis 


+Vin 
Vv TAP Your 
FB sense ——4 7.5M 
LP2952 
SHUT 


TL/H/11127-22 
*Turns ON at Vin = 5.87V 
Turns OFF at Vin = 5.64V 
(for component values shown) 


5V Regulator with Error Flags for 
LOW BATTERY and OUT OF REGULATION 
with SNAP-ON/SNAP-OFF Output 


LP2953 


COMP COMP 


OUT 


REGULATION 


TL/H/11127-23 
*Connect to Logic or »P control inputs. 
OUTPUT has SNAP-ON/SNAP-OFF feature. 
LOW BATT flag warns the user that the battery has discharged down to 
about 5.8V, giving the user time to recharge the battery or shut down hard- 
ware with high power requirements. The output is still in regulation at this 
time. 
OUT OF REGULATION flag goes low if the output goes below about 4.7V, 
which could occur from a load fault. 


OUTPUT has SNAP-ON/SNAP-OFF feature. Regulator snaps ON at about 
5.7V input, and OFF at about 5.6V. 


5V Regulator with Timed Power-On Reset, Snap-On/Snap-Off Feature and Hysteresis 


LP2953 


COMP 


INPUT COMP 


2.2 
LF 
TL/H/11127~24 
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Timing Diagram 


5.87V . A 
Vn Bp 
' 
' 


TL/H/11127-25 
Td = (0.28) RC = 28 ms for components shown. 
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AV vational Semiconductor 


LM2574/LM2574HV Series 


SIMPLE SWITCHER™ 0.5A Step-Down Voltage Regulator 


General Description 


The LM2574 series of regulators are monolithic integrated 
circuits that provide all the active functions for a step-down 
(buck) switching regulator, capable of driving a 0.5A load 
with excellent line and load regulation. These devices are 
available in fixed output voltages of 3.3V, 5V, 12V, 15V, and 
an adjustable output version. 


Requiring a minimum number of external components, 
these regulators are simple to use and include internal fre- 
quency compensation and a fixed-frequency oscillator. 


The LM2574 series offers a high-efficiency replacement for 
popular three-terminal linear regulators. Because of its high 
efficiency, the copper traces on the printed circuit board are 
normally the only heat sinking needed. 


A standard series of inductors optimized for use with the 
LM2574 are available from several different manufacturers. 
This feature greatly simplifies the design of switch- mode 
power supplies. 


Other features include a guaranteed + 4% tolerance on out- 
put voltage within specified input voltages and output load 
conditions, and + 10% on the oscillator frequency. External 
shutdown is included, featuring 50 pA (typical) standby cur- 
rent. The output switch includes cycle-by-cycle current limit- 
ing, as well as thermal shutdown for full protection under 
fault conditions. 


Features 

@ 3.3V, 5V, 12V, 15V, and adjustable output versions 

m@ Adjustable version output voltage range, , 
1.23V to 37V (57V for HV version) +4% max over line 
and load conditions 

@ Guaranteed 0.5A output current 

= Wide input voltage range, 40V, up to 60V 
for HV version 

m Requires only 4 external components 

m 52 kHz fixed frequency internal oscillator 

m TTL shutdown capability, low power standby mode 

g@ High efficiency 

@ Uses readily available standard inductors 

™ Thermal shutdown and current limit protection 


Applications 

mw Simple high-efficiency step-down (buck) regulator 
m Efficient pre-regulator for linear regulators 

m@ On-card switching regulators 

m Positive to negative converter (Buck-Boost) 


Typical Application (Fixed Output Voltage Versions) 


Feedback 


Note: Pin numbers are for 8-pin DIP package. 


Connection Diagrams 


8-Lead DIP (N) 


1 *No internal 
connection, but 

: should be soldered 

3 , to PC board for 

4 


FB 
SIG GND 
ON/OFF 


PWRGND 
TL/H/11394-2 


Top View 


Order Number LM2574-3.3HVN, LM2574HVN-5.0, 
LM2574HVN-12, LM2574HVN-15, LM2574HVN-ADJ, 
LM2574N-3.3, LM2574N-5.0, LM2574N-12, 
LM2574N-15 or LM2574N-ADJ 
See NS Package Number NO8A 


Patent Pending 


Regulated 
Output 
0.5A Load 


TL/H/11394-1 


-14-Lead Wide 
Surface Mount (WM) 


best heat transfer. 


TL/H/11394~3 
Top View 


Order Number LM2574HVM-3.3, LM2574HVM-5.0, 
LM2574HVM-12, LM2574HVN-15, LM2574HVM-ADJ, 
LM2574M-3.3 LM2574M-5.0, LM2574M-12, 
LM2574N-15 or LM2574M-ADJ 
See NS Package Number M14B 
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Absolute Maximum Ratings (note 1) 


f Military/Aerospace specifled devices are required, Minimum ESD Rating 
please contact the Natlonal Semiconductor Sales - (GC = 100 pF, R = 1.5k) 
Office/Distributors for availabllity and specifications. Lead Temperature 


Maximum Supply Voltage (Soldering, 10 seconds) 


LM2574 45V Maximum Junction Temperature 
LM2574HV 63V ; 


ON/OFF Pin Input Voltage -0.3V<S Vs +Vin Operating Ratings 


Output Voltage to Ground Temperature Range ; 
(Steady State) - -1V LM2574/LM2574HV —40°C < Ty < +125°C 


Power Dissipation Internally Limited Supply Voltage 
Storage Temperature Range —65°C to + 150°C LM2574 40V 


LM2574HV | 60V 
LM2574-3.3, LM2574HV-3.3 . | 


Electrical Characteristics specitications with standard type face are for T) = 25°C, and those with boldface | 


type apply over full Operating Temperature Range. 


LM2574-3.3 
: LM2574HV-3.3 
Parameter Conditions oe 
T Limit (Limits) 
yP (Note 2) 


| SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 


Output Voltage Vin = 12V, ILoap = 100 mA . ae 
3.234 ' V(Min) 
; : 3.366 V(Max) 

Output Voltage 4.75V < Vin < 40V,0.1A < ILoap < 0.5A Vv 
LM2574 3.168/3.135 V(Min) 
3.432/3.465 V(Max) 


Output Voltage 4.75V < Vin S 60V, 0.1A < ILgap <'0.5A . 
LM2574HV ; 3.168/3.135 ‘ V(Min) 
3.450/3.482 V(Max) 


Efficiency Vin = 12V, lLoap = 0.5A 


| (3 eee 
LM2574-5.0, LM2574HV-5.0 | 


Electrical Characteristics specifications with standard type face are for Ty = 25°C, and those with boldface | 


type apply over full Operating Temperature Range. 
LM2574-5.0 
LM2574HV-5.0 i 
Parameter ae Conditions hype 
Typ Limit (Limits) 
y (Note 2) 


SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 


Output Voltage Vin = 12V, lLoap = 100 mA Vv 
4.900 V(Min) 
5.100 V(Max) 


Output Voltage 7V < Vin < 40V, 0.1A < ILoap < 0.5A Vo. 
LM2574 4.800/4.750 V(Min) 
Output Voltage 7V < Vin < GOV, 0.1A < lLoap < 0.5A eal 


5.200/5.250 V(Max) 
LM2574HV 


Efficiency Vin = 12V, lLloap = 0.5A 


4.800/4.750 V(Min) 
5.225/5.275 V(Max) 
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LM2574/LM2574HV 


LM2574-12, LM2574HV-12 


Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range. 


LM2574-12 
LM2574HV-12 
Parameter Conditions Tee 
Typ Limit (Limits) 
y (Note 2) 


SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 


Output Voltage Vin = 25V, ILoap = 100 mA Vv 
11.76 V(Min) 
12.24 V(Max) 
Output Voltage 15V < Vins A0v, 0.1A < ILoap < 0.5A Vv 
LM2574 11.52/11.40 V(Min) 
12.48/12.60 V(Max) 
Output Voltage 15V < Vin < 6OV,0.1A < ILoaD < 0.5A 
LM2574HV 11.52/11.40 V(Min) 
aE 54/12.66 — V(Max) 


Vin = 18¥, ILoa = 0.5A 


LM2574-15, LM2574HV-15 


Electrical Characteristics specifications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range. 


LM2574-15 
LM2574HV-15 
_ Parameter Conditions eb 
Typ Limit (Limits) 
(Note 2) 


SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 


Output Voltage Vin = 30V, ILoAD = 100 mA V 
14.70 V(Min) 
15.30 V(Max) 

Output Voltage 18V < Vin < 40V, 0.1A < ILQap < 0.5A 15 Vv 
LM2574 14.40/14.25 V(Min) 
15.60/15.75 V(Max) 

Output Voltage 18V < Vin < GOV, 0.1A < ILoap < 0.5A 

LM2574HV 14.40/14.25 ’ V(Min) 
aaciia 68/15.83 V(Max) 


Vin = 48V, ILoap = 0.54 
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LM2574-ADJ, LM2574HV-ADJ 


Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range. Unless otherwise specified, Vij = 12V, ILoap = 100 mA. 


LM2574-ADJ 
LM2574HV-ADJ Units 


P t diti 
arameter Conditions S Limit (Limits) 
, i (Note 2) 
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2 
1.230 V 
1.217 V(Min) 
1.243 V(Max) 


7V < Vin S 40V, 0.1A < ILgap < 0.5A 1.230 Vv 
Vout Programmed for 5V. Circuit of Figure 2 1.193/1.180 V(Min) 
1.267/1.280 V(Max) 


7V < Vin S 60V, 0.1A < ILoap < 0.5A 1.230 
Vout Programmed for 5V. Circuit of Figure 2 1.193/1.180 V(Min) 
1.273/1.286 V(Max) 


(in 
All Output Voltage Versions 


Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range. Unless otherwise specified, Vij = 12V for the 3.3V, 5V, and 
Adjustable version, Vij = 25V for the 12V version, and Vij = 30V for the 15V version. lLoap = 100 mA. 


LM2574-XX 
LM2574HV-XX Units 


P. t Conditi 
arameter ondidons = Limit (Limits) 
YP | __ (Note 2) 


DEVICE PARAMETERS 


Feedback Bias Current Adjustable Version Only, Voyt = 5V 


Oscillator Frequency (see Note 10) 


100/500 nA 
kHz 
kHz(Min) 
kHz(Max) 
Vv 
V(max) 


Vsat Saturation Voltage lout = 0.5A (Note 4) oe 
DC Max Duty Cycle (ON) (Note 5) % 
% (Min) 


A 
0.7/0.65 A(Min) 


IoL Current Limit Peak Current, (Notes 4, 10) 
1.6/1.8 A(Max) 

I Output Leakage Current (Notes 6, 7) Output = OV mA(Max) 

Output = —1V mA 
Output = —1V mA(Max) 

la Quiescent Current (Note 6) mA 
mA(Max) 

IstByY Standby Quiescent ON/OFF Pin= 5V (OFF) pA 
Current pA(Max) 


Thermal Resistance N Package, Junction to Ambient (Note 8) 92 
N Package, Junction to Ambient (Note 9) 72 °C/W 
M Package, Junction to Ambient (Note 8) 102 
M Package, Junction to Ambient (Note 9) 78 


ON/OFF Pin Logic 2.2/2.4 
InpULLeNel Vout = Nominal Output Voltage 1.0/0.8 


ON/OFF Pin Input ON/OFF Pin = 5V (OFF) 12 
Current 30 
10 
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LM2574/LM2574HV 


Electrical Characteristics (continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 


Note 2: All limits guaranteed at room temperature (Standard type face) and at temperature extremes (bold type face). ‘All room temperature limits are 100% 
production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods. All limits are used 
to calculate Average Outgoing Quality Level. 


Note. 3: External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. When the LM2574 
is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of Electrical Characteristics. 


Note 4: Output pin sourcing current. No diode, inductor or capacitor connected to output pin. 
Note 5: Feedback pin removed from output and connected to OV. 


Note 6: Feedback pin removed from oer and connected to + 12V for the Adjustable, 3.3V, and 5V versions, and +25V for the 12V and 15V versions, to force 
the output transistor OFF. 


Note 7: Vin = 40V (60V for high voltage version). 


Note 8: Junction to ambient thermal resistance with approximately 1 square inch of printed circuit board copper surrounding the leads. Additional copper area will 
lower thermal resistance further. See application hints in this data sheet and the thermal model in Switchers Made Simple software. 


Note 9: Junction to ambient thermal resistance with approximately 4 square inches of 1 oz. (0.0014 in. thick) printed circuit board copper surrounding the leads. 
Additional copper area will lower thermal resistance further. (See Note 8.) 
Note 10: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which causes the regulated output voltage to drop 


approximately 40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle 
from 5% down to approximately 2%. 


‘Typical Performance Characteristics (circuit of Figure 2) 


Loap = = 100mA 


Normalized Output Voltage’: Line Regulation Dropout Voltage 
1.4 ‘ 

a = “12 > 

Ls as ~ Rwo = 0.20 

2 ne 1.0 z Baw 

3 -_ ee 

¥ A ws - iz to a et || 
-2 =< © | i 

5. So 2 

~ > = 

md - 2 

E 3 u 

3 3 g 





0 : 
"50 “25° -0 25° 50 75 100 125 “50 -25 0 2 50 75 100 125 










JUNCTION TEMPERATURE (°C) : INPUT VOLTAGE (¥) JUNCTION TEMPERATURE (°C) 
Standby . 
Current Limit Supply Current Quiescent Current 
q 200 
e = Z 150 
5 : eit 
& aes Ma a oo) ae ce 
iat 
: SL NL Frown = 500,04 B-LELT TT 
5 ae ed ie ry ae ee 
J a Load = 100 mA = 5 7 || 
6 z= 
M Pale aie by 
"50 “25 0.25 SO 75 100 125 60 -50.-25 0 25 50 75 100 125. 


JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C) 
BS TL/H/11394-17 
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Typical Performance Characteristics (Circuit of Figure 2) (Continued) 


Switch Saturation 
Oscillator Frequency Voltage Efficlency 


AHbZSCW1/PZS2W1 





¥ s 
5 a ss! 
a 2 S 
3 2 = 
ta So 
z z Ff 
a ° Ss: 
ivy - = 
5 a 5 
Ei 2 
3 a 
= 
-75-50-25 0 25 50 75 100125 150 
JUNCTION TEMPERATURE (°C) SWITCH CURRENT (A) INPUT VOLTAGE (V) 
Supply Current Feedback Voltage 
Minimum Operating Voltage vs Duty Cycle vs Duty Cycle 
; Boca Adjustable Version Only > =| Adjustable Version Only 
‘ ir, £ 
_ ee ae a a ol NL | bovw = 100m 
= Ss = 
tb i 
oO =z Oo 
S 3 5 
5 isl NM ghamiberstd ae 5 = 
= . = A 
#f__|houn = t00mal TT] 5 3 
ee ee ee & 
au 





0 
“50-25 0 25 50 75 100 125 0 20 40 60 80 100 


JUNCTION TEMPERATURE (°C) DUTY CYCLE (%) ; “DUTY CYCLE (%) 
TL/H/11394-4 


Feedback Junction to Ambient 


Pin Current Thermal Resistance 
150 


= 140 

ee | Be 
ph ee e| 
ro NL | fsonts cw TT | 
ah Se eee 
oo LAN] pores ow] || 






FEEDBACK PIN CURRENT (nA) 
THERMAL RESISTANCE (°C/W 





~100 0 
“75-50-25 0 25 50 75 100125 150 o 123 45 67 8 9 


JUNCTION TEMPERATURE (°C) PC BOARD AREA (SQ. IN. OF 1 OZ. COPPER) 
TL/H/11394-5 
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LM2574/LM2574HV 


Typical Performance Characteristics (circuit of Figure 2) (Continued) 


Continuous Mode Switching Waveforms Discontinuous Mode Switching Waveforms 
Vout = 5V, 500 nine Load Current, L = 330 pH . “Vout = 5V, 100 mA Load Current, L = 100 ee 
20V § 5 ‘( 20V 
Ay 10V A+ 10V 
0} 0 
0.6A 0.4A 
0.4A BY 0.2A 
B 

0.2A 0 





20 mV 
of AC 


TL/H/11394-6 TL/H/11394-7 


-A: Output Pin Voltage, 10V/div : A: Output Pin Voltage, 10V/div 
B: Inductor Current, 0.2 A/div B: Inductor Current, 0.2 A/div 
C: Output Ripple Voltage, 20 eealys C: Output Ripple Voltage, 20 mV/div, 
AC-Coupled AC-Coupled 
Horizontal Time Base: 5y.s/div Horizontal Time Base: 5 ys/div. 
500 mA Load Transient Response for Continuous 250 mA Load Transient Response for Discontinuous 


Mode Operation, L = 330 pH, Coyt = 300 pF Mode Operation. L = 68 nH, Court = 470 pF 





50 mV E 
50 mV F4 
AC A { ac Et 
i mA 200 mA & 
B 
0 B¥ 100 mA § 
Tht 1994-8 me TL/H/11394-9 
As Output Voltage; 60 m¥/dlv. A: Output Voltage, 50 mV/div. 
AC Coupled AC Coupled 
B: 100 mA to 500 mA Load Pulse . oupis 


B: 50 mA to 250 mA Load Pulse 


Hori ; : ; 
ure ie eane ay nee Horizontal Time Base: 200 ws/div 


Block Diagram 










Unregulated 
OC Input + 


gan 


Fixed Gain 


Rt = tk 0.5 Amp 
3.3V, R2 = 1.7k Switch 
SV, R2 = 3.1k 

12V, R2 = 8.84k 

18V, R2 = 11.3k 


For Adj. Version 
Ri = Open, R2 = 00 


CURRENT 
LIMIT 


Pwr Gnd 


Note: Pin numbers are for the 8-pin DIP package. TL/H/11394-10 


FIGURE 1 
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_ Test Circuit and Layout Guidelines 


Fixed Output Voltage Versions Cin— 22 pF, 75V 
Aluminum Electrolytic 
CouTt— 220 pF, 25V 
Aluminum Electrolytic 
Di— Schottky, 11DQ06 
Li— 330yH,52627 |. 
(for 5V in, 3.3V out, use 
100 pH, RL-1284-100) 
Ri— 2k,0.1% 
— R2— 6.12k, 0.1% 
TL/H/11394-11 













Feed Back 


AHPZSZIN1/PZSZ2IN1 


Vin 
Unregulated EE2Z2 BE 


DC Input 


Be 
Vout = VREF (1 + Re) 
1 

Vi 

Ro = Ry (wou ‘OUT -1) 
VREF 

where Vper = 1.23V, 

R1 between 1k & 5k. 


LM2574(HV) 
-ADJ Voyr = 5V 


7-60V 
Unregulated 
DC Input 


pew ee 
FIGURE 2 ; 


As in any switching regulator, layout is very important. Rap- 
idly switching currents associated with wiring inductance 
generate voltage transients which can cause problems. For 


minimal inductance and ground loops, the length of the RL-1284-68 NP5915 
leads indicated by heavy lines should be kept as short as RL-1284-100 NP5916 
possible. Single-point grounding (as indicated) or ground RL-1284-150 NP5917 
plane construction should be used for best results. When RL-1284-220 | NP5918/5919 
using the Adjustable version, physically locate the program- 

ming resistors near the regulator, to keep the sensitive feed- RL-1284-330 | NP5920/5921 
back wiring short. RL-1284-470 NP5922 


RL-1283-680 NP5923 
RL-1283-1000 
RL-1283-1500 
RL-1283-2200 


FIGURE 3. Inductor Selection by 
Manufacturer’s Part Number 


Note 1: Pulse Engineering, (619) 674-8100 Note 3: NPI/APC ; _, +44 (0) 634 290588 
P.O. Box 12236, San Diego, CA 92112 47 Riverside, Medway City Estate 
Strood, Rochester, Kent ME24DP. UK 





Note 2: Renco Electronics Inc., (516) 586-5566 
60 Jeffryn Blvd. East, Deer Park, NY 11729 *Contact Manufacturer 


“Contact Manufacturer 
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LM2574/LM2574HV 


Given: 


PROCEDURE (Fixed Output Voltage Versions) 


M2574 Series Buck Regulator Design Procedure. 


EXAMPLE (Fixed Output Voltage Versions) 


Given: 
VouT = Regulated Output Voitage (3.3V, 5V, 12V, or 15V) VouT = 5V 
Vin(Max) = Maximum Input Voltage Vin(Max) = 15V 
ILOAD(Max) = Maximum Load Current ILoAD(Max) = 0.4A 


inductor Selection (L1) 1. 
A. Select the correct Inductor value selection guide from 
Figures 4, 5, 6 or 7. (Output voltages of 3.3V, 5V, 12V or 
15V respectively). For other output voltages, see the 
design procedure for the adjustable version. 

B. From the inductor value selection guide, identify the 
inductance region intersected by Vijn(Max) and 
ILOAD(Max). 

C. Select an appropriate inductor from the table shown in 
Figure 3. Part numbers are listed for three inductor 
manufacturers. The inductor chosen must be rated for 
operation at the LM2574 switching frequency (52 kHz) and 
for a current rating of 1.5 < l_oap. For additional inductor 
information, see the inductor section in the Application 
Hints section of this data sheet. 

Output Capacitor Selection (Coyrt) 2. 
A. The value of the output capacitor together with the 
inductor defines the dominate pole-pair of the switching 
regulator loop. For stable operation and an acceptable 
output ripple voltage, (approximately 1% of the output 
voltage) a value between 100 uF and 470 pF is 
recommended. 

B. The capacitor’s voltage rating should be at least 1.5 
times greater than the output voltage. For a 5V regulator, 
a rating of at least 8V is appropriate, and a 1GY or 15V 
rating is recommended. 

Higher voltage electrolytic capacitors generally have lower 
ESR numbers, and for this reasion it may be necessary to 
select a capacitor rated for a higher voltage than would 
normally be needed. 

Catch Diode Selection (D1) - 3. 
A. The catch-diode current rating must be at least 1.5 
times greater than the maximum load current. Also, if the 
power supply design must withstand a continuous output 
short, the diode should have a current rating equal to the 
maximum current limit of the LM2574. The most stressful 
condition for this diode is an overload or shorted output 
condition. 

B. The reverse voltage rating of the diode should be at 
least 1.25 times the maximum input voltage. 

Input Capacitor (C)n) 4. 
An aluminum or tantalum electrolytic bypass capacitor 
located close to the regulator is needed for stable 
operation. 
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Inductor Selection (L1) 

A. Use the selection guide shown in Figure 5. 

B. From the selection guide, the inductance area 
intersected by the 15V line and 0.4A line is 330. 

C. Inductor value required is 330 1H. From the table in 
Figure 3, choose Pulse Engineering PE-52627, 

Renco RL-1284-330, or NPI NP5920/5921. 


Output Capacitor Selection (Coyrt) 

A. Cout = 100 pF to 470 pF standard aluminum 
electrolytic. 

B. Capacitor voltage rating = 20V. 


Catch Diode Selection (D1) 

A. For this example, a 1A current rating is adequate. 

B. Use a 20V 1N5817 or SR102 Schottky diode, or any of 
the suggested fast-recovery diodes shown in Figure 9. 


Input Capacitor (Cj) 
A 22 pF aluminum electrolytic capacitor located near the 
input and ground pins provides sufficient bypassing. 


LM2574 Series Buck Regulator Design Procedure (Continueq) 
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation) ; 


MAXIMUM INPUT VOLTAGE (¥) 





MAXIMUM LOAD CURRENT (A) 
TL/H/11394-26 
FIGURE 4. LM2574HV-3.3 Inductor Selection Guide 


MAXIMUM INPUT VOLTAGE (¥) 





eT NER TN IN 


MAXIMUM LOAD CURRENT (A) 


TL/H/11394-14 
FIGURE 6. LM2574HV-12 Inductor Selection Guide 


= 
uo 
o 


a 


— 


\ 
‘IN 


‘ 
allt 
NENT 


A JTMwWOo 


= 


EeT (Volt © ys) 


w 


o 
i=) 
= 
wn 
Oo 
nN 


i 
\ 


\ 


ti 


60V 


MAXIMUM INPUT VOLTAGE (Y) 


0.1 0.15 . 0.2 


MAXIMUM LOAD CURRENT (A) 


FIGURE 5. LM2574HV-5.0 Inductor Selecti 


MAXIMUM INPUT VOLTAGE (¥) 


MAXIMUM LOAD CURRENT (A) 





: Ae 
AN LY 


A [Pe 


0.4 0.5 


TL/H/11394-13 
on Guide 





TL/H/11394-15 


FIGURE 7. LM2574HV-15 Inductor Selection Guide 
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FIGURE 8. LM2574HV-ADJ Inductor Selection Guide 
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LM2574/LM2574HV 


LM2574 Series Buck Regulator Design Procedure (continued) 


PROCEDURE (Adjustable Output Voltage Versions) 


EXAMPLE (Adjustable Output Voltage Versions) 


Given: Given: 
Vout = Regulated Output Voltage Vout = 24V 
Vin(Max) = Maximum Input Voltage Vin(Max) = 40V 
ILOAD(Max) = Maximum Load Current ILoAD(Max) = 0.4A 
F = Switching Frequency (Fixed at 52 kHz) F = 52 kHz 


1. Programming Output Voltage (Selecting A1 and R2, as 1. 


shown in Figure 2) 
Use the following formula to select the appropriate 
resistor values. 


R ; 
Vout = VREF (1 + fe where Vper = 1.23V 
1 


R, can be between 1k and 5k. (For best temperature 
coefficient and stability with time, use 1% metal film 


resistors) 


2. Inductor Selection (L1) 2. 


A. Calculate the inductor Volt ¢ microsecond constant, 

ET (V ® us), from the following formula: 

Vout , 1000 ; 

(Vin — Vout) Vi * = ain kA) (in kHz) (V ¢ ps) 
B. Use the E © T value from the previous formula and 
match it with the E ¢ T number on the vertical axis of the 
Inductor Value Selection Guide shown in Figure 8. 
C. On the horizontal axis, select the maximum load 
current. 
D. Identify the inductance region intersected by the E * T 
value and the maximum load current value, and note the 
inductor value for that region. 
E. Select an appropriate inductor from the table shown in 
Figure 3. Part numbers are listed for three inductor 
manufacturers. The inductor chosen must be rated for 
operation at the LM2574 switching frequency (52 kHz) 
and for a current rating of 1.5 X ILoap. For additional 
inductor information, see the inductor section in the 
application hints section of this data sheet. 


EeT= 


3. Output Capacitor Selection (Court) 3. 


A. The value of the output capacitor together with the 
inductor defines the dominate pole-pair of the switching 
regulator loop. For stable operation, the capacitor must 
satisfy the following requirement: - 


Vin(M 
Court > 13,300 Na) 


—————— _ (nF 
Vout ® L(wH) HF 


The above formula yields capacitor values between 5 uF 
and 1000 pF that will satisfy the loop requirements for 
stable operation. But to achieve an acceptable output 
ripple voltage, (approximately 1% of the output voltage) 
and transient response, the output capacitor may need to 
be several times larger than the above formula yields. 

B. The capacitor’s voltage rating should be at last 1.5 
times greater than the output voltage. For a 24V regulator, 
a rating of at least 35V is recommended. , 

Higher voltage electrolytic capacitors generally have 
lower ESR numbers, and for this reasion.it may be 
necessary to select a capacitor rate for a higher voltage 
than would normally be needed. 
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Programming Output Voltage (Selecting R1 and R2) 


R 
Vout = 1.23(1 + 2) Select R1 = 1k 
1 


VouT 1) 7 ( 24V ) 
Re = Fy (Tour — m 1.23V : 


Ro = 1k (19.51 — 1) = 18.51k, closest 1% value is 18.7k 


Inductor Selection (L1) 
A. Calculate E ¢ T A © us) 


24 1000 
40 — 24) 078 
( ) 52 





EeT= = 185Veus 

B.E eT = 185Veus 

C. ILoap(Max) = 0.4A 

D. Inductance Region = 1000 

E. Inductor Value = 1000 ,sH Choose from Pulse — 
Engineering Part #PE-52631, or Renco 

Part #RL-1283-1000. 


Output Capacitor Selection (Court) 


A. Coyt > 13,300 = 22.2 uF 


0 
24 e 1000 
However, for acceptable output ripple voltage select 
Cout 2 100 pF 
Cout = 100 pF electrolytic capacitor 


LM2574 Series Buck Regulator Design Procedure (continued) 


PROCEDURE (Adjustable Output Voltage Versions) 


Catch Diode Selection (D1) 

A. The catch-diode current rating must be at least 1.5 
times greater than the maximum load current. Also, if the 
power supply design must withstand a continuous output 
short, the diode should have a current rating equal to the 
maximum current limit of the LM2574. The most stressful 
condition for this diode is an overload or shorted output 
condition. Suitable diodes are shown in the selection 
guide of Figure 9. 

B. The reverse voltage rating of the diode should be at 
least 1.25 times the maximum input voltage. 

Input Capacitor (Cn) 

An aluminum or tantalum electrolytic bypass capacitor 
located close to the regulator is needed for stable 
operation. 


4. 


EXAMPLE (Adjustable Output Voltage Versions) 


Catch Diode Selection(D1) _ 
A. For this example, a 1A current rating is adequate. 


B. Use a 50V MBR150 or 11DQ05 Schottky diode, or any of the 
suggested fast-recovery diodes in Figure 9. 


Input Capacitor (Cyn) 
A 22 pF aluminum electrolytic capacitor located near the input 
and ground pins provides sufficient bypassing. 


1 Amp Diodes 
VR 
| Schottky | Fast Recovery 
1N5817 


20V $R102 
MBR120P 


1N5818 
SR103 
11DQ03 
MBR130P The 


10JQ030 following 
diodes 


are all 
rated to 
100V 


1N5819 
$R104 


11DQ04 
11JQ04 

MBR140P 
11DF1 


MBR150  aQNF4 


S105 MUR110 
11DQ05 HER102 
11JQ05 | 
MBR160 

SR106 

11DQ06 

11JQ06 


90V ; — 11DQ09 


FIGURE 9. Diode Selection Guide 





To further simplify the buck regulator design procedure, National 
Semiconductor is making available computer design software to 
be used with the Simple Switcher line of switching regulators. 
Switchers Made Simple (version 3.3) is available on a (314”) 
diskette for IBM compatible computers from a National 
Semiconductor sales office in your area. 
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Application Hints 
INPUT CAPACITOR (Cyn) 


passed with at least a 22 pF electrolytic capacitor. The ca- 
pacitor’s leads must be kept short, and located near the 
regulator. 


If the operating temperature range includes temperatures 
below —25°C, the input capacitor value may need to be 
larger. With most electrolytic capacitors, the capacitance 
value decreases and the ESR increases with lower temper- 
atures and age. Paralleling a ceramic or solid tantalum ca- 
pacitor will increase the regulator stability at cold tempera- 
tures. For maximum capacitor operating lifetime, the capaci- 
tor’s RMS ripple current rating should be greater than 


ton 
x x I 
1.2 () LOAD 


ton _v 
where 2ON = Sour for a buck regulator 
T VIN 
ton Vout! 
and —>— = ———— for a buck-boost regulator. 
T — |Vourl + Vin a 
INDUCTOR SELECTION 


All switching regulators have two basic modes of operation: 
continuous and discontinuous. The difference between the 
two types relates to the inductor current, whether it is flow- 
ing continuously, or if it drops to zero for a period of time in 
the normal switching cycle. Each mode has distinctively dif- 
ferent operating characteristics, which can affect the regula- 
tor performance and requirements. 


The LM2574 (or any of the Simple Switcher family) can be 
used for both continuous and discontinuous modes of oper- 
ation. 


In many cases the preferred mode of operation is in the 
continuous mode. It offers better load regulation, lower peak 
switch, inductor and diode currents, and can have lower out- 
put ripple voltage. But it does require relatively large induc- 
tor values to keep the inductor current flowing continuously, 
especially at low output load currents. 


To simplify the inductor selection process, an inductor se- 
lection guide (nomograph) was designed (see Figures 4 
through 8). This guide assumes continuous mode opera- 
tion, and selects an inductor that will allow a peak-to-peak 
inductor ripple current (Aljyp) to be a certain percentage of 
the maximum design load current. In the LM2574 SIMPLE 
SWITCHER, the peak-to-peak inductor ripple current per- 


‘To maintain stability, the regulator input pin must be by- . 


centage (of load current) is allowed to change as different . 


design load currents are selected. By allowing the percent- 


age of inductor ripple current to increase for lower current 


applications, the inductor size and value can be kept rela- 
tively low. 


INDUCTOR RIPPLE CURRENT 


When the switcher is operating in the continuous mode, the _ 


inductor current waveform ranges from a triangular to a 
sawtooth type of waveform (depending on the input volt- 
age). For a given input voltage and output voltage, the peak- 
to-peak amplitude of this inductor current waveform remains 
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-constant. As the load current rises or falls, the entire saw- 


tooth current waveform also rises or falls. The average DC .. 
value of this waveform is equal to the DC: a current (in 
the buck regulator configuration). 


If the load current drops to a low enough level, the bottom 
of the sawtooth current waveform will reach zero, and the 


. switcher will change to a discontinuous mode of operation. 
‘This is a perfectly acceptable mode of operation. Any buck 


switching regulator (no matter how large the inductor value 
is) will be forced to run discontinuous if the load current is 
light enough. ” 


The curve shown in Figure 10 illustrates’ how the sais 


- peak inductor ripple current (Aljyp) is allowed to change as 


different maximum load currents are selected, and also how : 
it changes as the operating point varies from the upper bor- 
der to the lower border within an inductance region (see 
Inductor Selection guides). 


Inductance 
Region 


Alp (% of MAX DESIGN LOAD CURRENT) 





0.1 0.2 
MAXIMUM LOAD CURRENT (A) 


0.3 0.4 


TL/H/11394-18 
FIGURE 10. Inductor Ripple Current (Aljyp) Range 
Based on Selection Guides from Figures 4-8. 

Consider the following example: 
Vout = 5V @ 0.4A 
Vin = 10V minimum up to 20V maximum 


The selection guide in Figure 5 shows that for a 0.4A load 
current, and an input voltage range between 10V and 20V, 
the inductance region selected by the guide is 330 pH. This 
value of inductance will allow a peak-to-peak inductor ripple 
current (Aljnp) to flow that will be a percentage of the maxi- 
mum load current. For this inductor value, the Aljyp will also 


-vary depending on the input voltage. As the input voltage 


increases to 20V, it approaches the upper border of the 
inductance region, and the inductor ripple current increases. 
Referring to the curve in Figure 70, it can be seen that at the 


'0.4A load current level, and operating near the upper border 


of the 330 ,H inductance region, the Aljyp will be 53% of 
0.4A, or 212 mA p-p. 


This Aljnp is important because from this number the peak 
inductor current rating can be determined, the minimum 


‘load current required before the circuit goes to discontinu- 


ous operation, and also, knowing the ESR of the output 
capacitor, the output ripple voltage can be calculated, or 
conversely, measuring the output ripple voltage and know- 
ing the Aljyp, the ESR can be calculated. 


Application Hints (continued) 


From the previous example, the Peak-to-peak Inductor Rip- 
ple Current (Alinp) = 212 mA p-p. Once the Ajnp value is 
known, the following three formulas can be used to calcu- 
late additional information about the switching regulator cir- 
cuit: 

1. Peak Inductor or peak switch current 


Al 212 
= (‘oro + “ina = (04a + =) = 506 mA 


2. Mimimum load current before the circuit becomes discon- 
tinuous 


3. Output Ripple Voltage = (Aljnp) X (ESR of Cour) 


The selection guide chooses inductor values suitable for 
continuous mode operation, but if the inductor value chosen 
is prohibitively high, the designer should investigate the pos- 
sibility of discontinuous operation. The computer design 
software Switchers Made Simple will provide all compo- 
nent values for discontinuous (as well as continuous) mode 
of operation. 


Inductors are available in different styles such as pot core, 
toroid, E-frame, bobbin core, etc., as well as different core 
materials, such as ferrites and powdered iron. The least ex- 
pensive, the bobbin core type, consists of wire wrapped on 
a ferrite rod core. This type of construction makes for an 
inexpensive inductor, but since the magnetic flux is not com- 
pletely contained within the core, it generates more electro- 
magnetic interference (EMI). This EMI can cause problems 
in sensitive circuits, or can give incorrect scope readings 
because of induced voltages in the scope probe. 


The inductors listed in the selection chart include powdered 
iron toroid for Pulse Engineering, and ferrite bobbin core for 
Renco. 


An inductor should not be operated beyond its maximum 
rated current because it may saturate. When an inductor 
begins to saturate, the inductance decreases rapidly and 
the inductor begins to look mainly resistive (the DC resist- 
ance of the winding). This can cause the inductor current to 
rise very rapidly and will affect the energy storage capabili- 
ties of the inductor and could cause inductor overheating. 
Different inductor types have different saturation character- 
istics, and this should be kept in mind when selecting an 
inductor. The inductor manufacturers’ data sheets include 
current and energy limits to avoid inductor saturation. 


OUTPUT CAPACITOR 


An output capacitor is required to filter the output voltage 
and is needed for loop stability. The capacitor should be 
located near the LM2574 using short pc board traces. Stan- 
dard aluminum electrolytics are usually adequate, but low 
ESR types are recommended for low output ripple voltage 
and good stability. The ESR of a capacitor depends on 
many factors, some which are: the value, the voltage rating, 
physical size and the type of construction. In general, low 
value or low voltage (less than 12V) electrolytic capacitors 
usually have higher ESR numbers. 

The amount of output ripple voltage is primarily a function of 
the ESR (Equivalent Series Resistance) of the output ca- 
pacitor and the amplitude of the inductor ripple current 
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(Alp). See the section on inductor ripple current in Appli- 
cation Hints. 


The lower capacitor values (100 jzF- 330 pF) will allow typi- 
cally 50 mV to 150 mV of output ripple voltage, while larger- 
value capacitors will reduce the ripple to approximately 
20 mV to 50 mV. 


Output Ripple Voltage = (Aljnp) (ESR of Court) 


To further reduce the output ripple voltage, several standard 
electrolytic capacitors may be paralleled, or a higher-grade 
capacitor may be used. Such capacitors are often called 
“high-frequency,” “‘low-inductance,” or “low-ESR.” These 
will reduce the output ripple to 10 mV or 20 mV. However, 
when operating in the continuous mode, reducing the ESR 
below 0.032 can cause instability in the regulator. 


Tantalum capacitors can have a very low ESR, and should 
be carefully evaluated if it is the only output capacitor. Be- 
cause of their good low temperature characteristics, a tanta- 
lum can be used in parallel with aluminum 2lectrolytics, with 
the tantalum making up 10% or 20% of the total capaci- 
tance. 


The capacitor’s ripple current rating at 52 kHz should be at 
least 50% higher than the peak-to-peak inductor ripple cur- 
rent. 


CATCH DIODE 


Buck regulators require a diode to provide a return path for 
the inductor current when the switch is off. This diode 
should be located close to the LM2574 using short leads 
and short printed circuit traces. 


Because of their fast switching speed and low forward volt- 
age drop, Schottky diodes provide the best efficiency, espe- 
cially in low output voltage switching regulators (less than 
5V). Fast-Recovery, High-Efficiency, or Ultra-Fast Recovery 
diodes are also suitable, but some types with an abrupt turn- 
off characteristic may cause instability and EMI problems. A 
fast-recovery ‘diode with soft recovery characteristics is a 
better choice. Standard 60 Hz diodes (e.g., 1N4001 or 
1N5400, etc.) are also not suitable. See Figure 9 for 
Schottky and “soft” fast-recovery diode selection guide. 


OUTPUT VOLTAGE RIPPLE AND TRANSIENTS 


The output voltage of a switching power supply will contain 
a sawtooth ripple voltage at the switcher frequency, typically 
about 1% of the output voltage, and may also contain short 
voltage spikes at the peaks of the sawtooth waveform. 


The output ripple voltage is due mainly to the inductor saw- 
tooth ripple current multiplied by the ESR of the output ca- 
pacitor. (See the inductor selection in the application hints.) 


The voltage spikes are present because of the the fast 
switching action of the output switch, and the parasitic in- 
ductance of the output filter capacitor. To minimize these 
voltage spikes, special low inductance capacitors can be 


- used, and their lead lengths must be kept short. Wiring in- 


ductance, stray capacitance, as well as the scope probe 
used to evaluate these transients, all contribute to the am- 
plitude of these spikes. 


An additional small LC filter (20 4H & 100 F) can be added 
to the output (as shown in Figure 76) to further reduce the 
amount of output ripple and transients. A 10 x reduction in 
output ripple voltage and transients is possible with this fil- 
ter. 
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Application Hints (continued) 


FEEDBACK CONNECTION 


The LM2574 (fixed voltage versions) feedback pin must be 
wired to the output voltage point of the switching power 
supply. When using the adjustable version, physically locate 
both output voltage programming resistors near the LM2574 
to avoid picking up unwanted noise. Avoid using resistors 
greater than 100 kf because of the increased chance of 
noise pickup. 


ON/OFF INPUT 


For normal operation, the ON/OFF pin should be grounded 
or driven with a low-level TTL voltage (typically below 1.6V). 
To put the regulator into standby mode, drive this pin with a 
high-level TTL or CMOS signal. The ON/OFF pin can be 
safely pulled up to +Vjjy without a resistor in series with it. 
The ON/OFF pin should not be left open. 


GROUNDING 


The 8-pin molded DIP and the 14-pin surface mount pack- 
age have: separate power and signal ground pins. Both 
ground pins should be soldered directly to wide printed cir- 
cuit board copper traces to assure low inductance connec- 
tions and good thermal properties. 


THERMAL CONSIDERATIONS 


The 8-pin DIP (N) package and the 14-pin Surface Mount 
(M) package are molded plastic packages with solid copper 
lead frames. The copper lead frame conducts the majority 
of the heat from the die, through the leads, to the printed 
circuit board copper, which acts as the heat sink. For best 
thermal performance, wide copper traces should be used, 
and all ground and unused pins should be soldered to gen- 
erous amounts of printed circuit board copper, such as a 
ground plane. Large areas of copper provide the best trans- 
fer of heat (lower thermal resistance) to the surrounding air, 
and even double-sided or multilayer boards provide better 
heat paths to the surrounding air. Unless the power levels 
are small, using a socket for the 8-pin package is not recom- 
mended because of the additional thermal resistance it in- 
troduces, and the resultant higher junction temperature. 


Because of the 0.5A current rating of the LM2574, the total 
package power dissipation for this switcher is quite low, 
ranging from approximately 0.1W up to 0.75W under varying 
conditions. In a carefully engineered printed circuit board, 
both the N and the M package can easily dissipate up to 
0.75W, even at ambient temperatures of 60°C, and still keep 
the maximum junction temperature below 125°C. 


A curve displaying thermal resistance vs. pc board area for 
the two packages is shown in the Typical Performance 
Characteristics curves section of this data sheet. 


+8 to +25V 
Unregulated 
DC Input 







+Vin 





Note: Pin numbers are for the 8-pin DIP package. 
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These thermal resistance numbers are approximate, and 
there can be many factors that will affect the final thermal 
resistance. Some of these factors include board size, 
shape, thickness, position, location, and board temperature. 
Other factors are, the area of printed circuit copper, copper 
thickness, trace width, multi-layer, single- or double-sided, 
and the amount of solder on the board. The effectiveness of 
the pc board to dissipate heat also depends on the size, 
number and spacing of other components on the board. 
Furthermore, some of these components, such as the catch 
diode and inductor will generate some additional heat. Also, 
the thermal resistance decreases as the power level in- 
creases because of the increased air current activity at the 
higher power levels, and the lower surface to air resistance 
coefficient at higher temperatures. 


The data sheet thermal resistance curves and the thermal 
model in Switchers Made Simple software (version 3.3) 
can estimate the maximum junction temperature based on 
operating conditions. In addition, the junction temperature 
can be estimated in actual circuit operation by using the 
following equation. 
Tj = Tou + (9}-cu X Pp) 

With the switcher operating under worst case conditions 
and all other components on the board in the intended en- 
closure, measure the copper temperature (To, ) near the IC. 
This can be done by temporarily soldering a small thermo- 
couple to the pc board copper near the IC, or by holding a 
small thermocouple on the pc board copper ae thermal 
grease for good thermal conduction. 


The thermal resistance (6)..y) for the two dethanue is: 
8}-cu = 42°C/W for the N-8 package ~ 
8}-cu = 52°C/W for the M-14 package 


The power dissipation (Pp) for the IC could be measured; or 
it can be estimated by using the formula: 


Vo 
Pp = (Vin) (Ils) + (#2) (ILoaD) (VsaT) 
IN 


Where ls is obtained from the typical supply current curve 
(adjustable version use the supply current vs. duty cycle 
curve). 


Additional Applications 


INVERTING REGULATOR 


Figure 11 shows a LM2574-12 in a buck-boost configuration 
to generate a negative 12V output from a positive input volt- 
age. This circuit bootstraps the regulator's ground pin to the 
negative output voltage, then by grounding the feedback 
pin, the regulator senses the inverted output voltage and 
regulates it to —12V. 







MBR150 


-12V@ 100 mA 
Regulated 


Output 
TL/H/11394-19 


FIGURE 11. Inverting Buck-Boost Develops — 12V 
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Additional Applications (continued) 


For an input voltage of 8V or more, the maximum available 
output current in this configuration is approximately 100 mA. 
At lighter loads, the minimum input voltage required drops to 
approximately 4.7V. 


The switch currents in this buck-boost configuration are 
higher than in the standard buck-mode design, thus lower- 
ing the available output current. Also, the start-up input cur- 
rent of the buck-boost converter is higher than the standard 
buck-mode regulator, and this may overload an input power 
source with a current limit less than 0.6A. Using a delayed 
turn-on or an undervoltage lockout circuit (described in the 
next section) would allow the input voltage to rise to a high 
enough level before the switcher would be allowed to turn 
on. 


Because of the structural differences between the buck and 
the buck-boost regulator topologies, the buck regulator de- 
sign procedure section can not be used to to select the 
inductor or the output capacitor. The recommended range 
of inductor values for the buck-boost design is between 
68 wH and 220 pH, and the output capacitor values must be 
larger than what is normally required for buck designs. Low 
input voltages or high output currents require a large value 
output capacitor (in the thousands of micro Farads). 


The peak inductor current, which is the same as the peak 
switch current, can be calculated from the following formula: 


1 = woan Vin + Vol) | VinlVol 1 

F VIN Vint+|Vol  2L4 fose 
Where fogp = 52 kHz. Under normal continuous inductor 
current operating conditions, the minimum Vij represents 
the worst case. Select an inductor that is rated for the peak 
current anticipated. 


Also, the maximum voltage appearing across the regulator 
is the absolute sum of the input and output voltage. For a 
—12V output, the maximum input voltage for the LM2574 is 
+ 28V, or +48V for the LM2574HV. 


The Switchers Made Simple (version 3.3) design software 
can be used to determine the feasibility of regulator designs 
using different topologies, different input-output parameters, 
different components, etc. 


NEGATIVE BOOST REGULATOR 


Another variation on the buck-boost topology is the nega- 
tive boost configuration. The circuit in Figure 12 accepts an 
input voltage ranging from —5V to —12V and provides a 
regulated —12V output. Input voltages greater than —12V 
will cause the output to rise above —12V, but will not dam- 
age the regulator. 





Load Current 
60 mA for Viy = -5.2V 


120mA for Vy = -7V 
TL/H/11394-20 





-5 to -12V 


Note: Pin numbers area for 8-pin DIP package. 


FIGURE 12. Negative Boost 


Because of the boosting function of this type of regulator, 
the switch current is relatively high, especially at low input 
voltages. Output load current limitations are a result of the 
maximum current rating of the switch. Also, boost regulators 
can not provide current limiting load protection in the event 
of a shorted load, so some other means (such as a fuse) 
may be necessary. 


UNDERVOLTAGE LOCKOUT 


In some applications it is desirable to keep the regulator off 
until the input voltage reaches a certain threshold. An un- 
dervoltage lockout circuit which accomplishes this task is 
shown in Figure 13, while Figure 14 shows the same circuit 
applied to a buck-boost configuration. These circuits keep 
the regulator off until the input voltage reaches a predeter- 
mined level. 


VtH ~ Vz1 + 2Vee (Q1) 





TL/H/11394-21 
Note: Complete circuit not shown. 
Note: Pin numbers are for 8-pin DIP package. 


FIGURE 13. Undervoltage Lockout for Buck Circuit 






+V, 
= LM2574 —XX 


0 — 
san [on 3]0N/OFF 2&4] Gnds 


pins 






R1 


Z1 


R2 


TL/H/11394-22 
Note: Complete circuit not shown (see Figure 11). 
Note: Pin numbers are for 8-pin DIP package. 


FIGURE 14. Undervoltage Lockout 
for Buck-Boost Circult — 
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Additional Applications (Continued) 


DELAYED STARTUP 


The ON/OFF pin can be used to provide a delayed startup 
feature as shown in Figure 15. With an input voltage of 20V 
and for the part values shown, the circuit provides approxi- 
mately 10 ms of delay time before the circuit begins switch- 
ing. Increasing the RC time constant can provide longer de- 
lay times. But excessively large RC time constants can 
cause problems with input voltages that are high in 60 Hz or 
120 Hz ripple, by coupling the ripple into the ON/OFF pin. 


ADJUSTABLE OUTPUT, LOW-RIPPLE 

POWER SUPPLY 

A 500 mA power supply that features an adjustable output 
voltage is shown in Figure 16. An additional L-C filter that 
reduces the output ripple by a factor of 10 or more is includ- 
ed in this circuit. 


Feedback 





60V Max 
Unregulated 
DC Input 


R2 = Output voltage adjust 


Note: Pin numbers are for 8-pin DIP package. 





TL/H/11394-23 
Note: Complete circuit not shown. 
Note: Pin numbers are for 8-pin DIP package. 


FIGURE 15. Delayed Startup 


oan ee ea 
Output 
Voltage 


+1.2 to 55V 
@ 0.5A 





optional output ripple filter 
TL/H/11394-24 


FIGURE 16. 1.2V to 55V Adjustable 500 mA Power Supply with Low Output Ripple 


Definition of Terms 


BUCK REGULATOR 

A switching regulator topology in which a higher voltage is 
converted to a lower voltage. Also known as a step-down 
switching regulator. - 

BUCK-BOOST REGULATOR 

A switching regulator topology in which a positive voltage is 
converted to a negative voltage without a transformer. 
DUTY CYCLE (D) 

Ratio of the output switch’s on-time to the oscillator period. 


t Vv 
forbuck regulator =0=—ON=-OUT 
T VIN 
t Vv 
for buck-boost regulator .D = ON = Vol 


T  \Vol + Vin 
CATCH DIODE OR CURRENT STEERING DIODE 


The diode which provides a return path for the load current 
when the LM2574 switch is OFF. 


EFFICIENCY (») 
The proportion of input power actually delivered to the load. 
— Pout _ Pout 


ut Pin Pout + PLoss 
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CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR) 


The purely resistive component of a real capacitor’s imped- 
ance (see Figure 17). \t causes power loss resulting in ca- 
pacitor heating, which directly affects the capacitor’s oper- 
ating lifetime. When used as a switching regulator output 
filter, higher ESR values result in higher output ripple volt- 


ages. 
ESR 7 ESL. oe 
TL/H/11394~25 


FIGURE 17. Simple Model of a Real Capacitor 


Most standard aluminum electrolytic capacitors in the 
100 »F-1000 uF range have 0.50 to 0.19 ESR. Higher- 
grade capacitors (“low-ESR”, “high-frequency”, or ‘‘low-in- 
ductance””’) in the 100 »F-1000 pF range generally have 
ESR of less than 0.159. 


EQUIVALENT SERIES INDUCTANCE (ESL) 


The pure inductance component of a capacitor (see Figure 
17). The amount of inductance is determined to a large 
extent on the capacitor’s construction. In a buck regulator, 
this unwanted inductance causes voltage spikes to appear 
on the output. 


Definition of Terms (Continue) 


OUTPUT RIPPLE VOLTAGE 


The AC component of the switching regulator’s output volt- 
age. It is usually dominated by the output capacitor’s ESR 
multiplied by the inductor’s ripple current (Aljyp). The peak- 
to-peak value of this sawtooth ripple current can be deter- 
mined by reading the Inductor Ripple Current section of the 
Application hints. 


CAPACITOR RIPPLE CURRENT 


RMS value of the maximum allowable alternating current at 
which a capacitor can be operated continuously at a speci- 
fied temperature. -- ‘ , 


STANDBY QUIESCENT CURRENT (stay) 


Supply current required by the LM2574 when in the standby 
mode (ON/OFF pin is driven to TTL-high voltage, thus turn- 
ing the output switch OFF). 


INDUCTOR RIPPLE CURRENT (Aljnp) 


The' peak-to-peak value of the inductor current waveform, 
typically a sawtooth waveform when the regulator is operat- 
ing in the continuous mode (vs. discontinuous mode). — 
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CONTINUOUS/DISCONTINUOUS MODE OPERATION 


Relates to the inductor current. In the continuous mode, the 
inductor current is always flowing and never drops to zero, 
vs. the discontinuous mode, where the inductor current 
drops to zero for a period of time in the normal switching 
cycle, 


INDUCTOR SATURATION 


The condition which exists when an inductor cannot hold 
any more magnetic flux. When an inductor saturates, the 
inductor appears less inductive and the resistive component 
dominates. Inductor current is then limited only by the DC 
resistance of the wire and the available source current. 


OPERATING VOLT MICROSECOND CONSTANT (E*Top) 


The product (in Volteys) of the voltage applied to the induc- 
tor and the time the voltage is applied. This E*To, constant 
is a measure of the energy handling capability of an inductor 
and is dependent upon the type of core, the core area, the 
number of turns, and the duty cycle. 
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LM2594 


AV rational Semiconductor 


LM2594 


SIMPLE SWITCHER® Power Converter 
150 kHz 0.5A Step-Down Voltage Regulator 


General Description 


The LM2594 series of regulators are monolithic integrated 
circuits that provide ail the active functions for a step-down 
(buck) switching regulator, capable of driving a 0.5A load 
with excellent line and load regulation. These devices are 
available in fixed output voltages of 3.3V, 5V, 12V, and an 
adjustable output version, and are packaged in a 8-lead DIP 
and a 8-lead surface. mount package. 


Requiring a minimum number. of external components, 
these regulators are simple to use and feature internal fre- 
quency compensation?, a fixed-frequency oscillator, and im- 
proved line and load regulation specifications. 


The LM2594 series operates at a switching frequency of 
150 kHz thus allowing smaller sized filter components than 
what would be needed with lower frequency switching regu- 
lators. Because of its high efficiency, the copper traces on 
the printed circuit board are normally the only heat sinking 
needed. 


A standard series of inductors (both through hole and sur- 
face mount types) are available from several different manu- 
facturers optimized for use with the LM2594 series. This 
feature greatly simplifies the design of switch-mode power 
supplies. 


Other features include a guaranteed + 4% tolerance on out- 
put voltage under all conditions of input voltage and output 
load conditions, and +15% on the oscillator frequency. Ex- 
ternal shutdown is included, featuring typically 85 wA stand- 


by current. Self protection features include a two stage fre- 
quency reducing current limit for the output switch and an 
over temperature shutdown for complete protection under 
fault conditions. 


Features 

@ 3.3V, 5V, 12V, and adjustable output versions 

m Adjustable version output voltage range, 1.2V to 37V 
£4% max over line and load conditions | 

@ Available in 8-pin surface mount and DIP-8 package 

m Guaranteed 0.5A output current 

@ Input voltage range up to 40V 

m Requires only 4 external components 

@ 150 kHz fixed frequency internal oscillator 

m TTL Shutdown capability 

m Low power standby mode, fq typically 85 nA 

@ High Efficiency 

a Uses readily available standard inductors 

& Thermal shutdown and current limit protection 


Applications 

u Simple high-efficiency step-down (buck) regulator 
u Efficient pre-regulator for linear regulators 

m On-card switching regulators 

@ Positive to Negative convertor 


Typical Application (Fixed output Voitage Versions) 


12V 
Unregulated 
DC Input 


Connection Diagrams and Order Information 


8-Lead DIP (N) 


*No internal connection, but shoutd be 
soldered to pc board for best heat 


OUTPUT 

VIN 

GND 

ON/OFF 
TL/H/12439-2 


transfer. 


Top View 


Order Number 
LM2594N-3.3, LM2594N-5.0, 
LM2594N-12 or LM2594N-ADJ 
See NS Package Number NO8E 
+Patent Number 5,382,918. 


Regulated 
Output 
0.5A Load 


TL/H/12439=1 


8-Lead Surface Mount (M) 


OUTPUT 
Yin 

GND 
ON/OFF 


TL/H/12439-3 
Top View 


Order Number LM2594M-3.3, 
LM2594M-5.0, LM2594M-12 or 
LM2594M-ADJ 
See NS Package Number M08A 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Lead Temperature 

please contact the National Semiconductor Sales M8 Package 

Office/Distributors for avallability and specifications. Vapor Phase (60 sec.) +215°C 

Maximum Supply Voltage 45V Infrared (15 sec.) + 220°C 

ON/OFF Pin Input Voltage -0.3<V< +25V N Package (Soldering, 10 sec.) + 260°C 

Feedback Pin Voltage -0.3< V<+25V Maximum Junction Temperature + 150°C 

Output Voltage to Ground (Steady State) -1V 3 + 

Power Dissipation Internally limited Operating Conditions 

Storage Temperature Range —65°C to + 150°C Temperature Range —40°C s Ty + 125°C 

ESD Susceptibility Supply Voltage 4.5V to 40V 
Human Body Model (Note 2) 2kV 

LM2594-3.3 


Electrical Characteristics Specifications with standard type face are 5 for T= 25°C, and those with boldface 
type apply over full Operating Temperature Range 















LM2594-3.3 


Type Limit 
(Note 3) (Note 4) 


3.168/3.135 
3.432/3.465 


Efficiency Vin = 12V, Loan = 0.5A a ae oe 


LM2594-5.0 


Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range 


| kMsoa-5.0 5.0 
Parameter Type Limit 
(Note 3) (Note 4) 


SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 
TV < Vin < 40V, 0.1A < ILoap < 0.5A 


Units 
(Limits) 





Symbol Parameter Conditions 





SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 


Output Voltage 4.75V < Vin < 40V,0.1A < ILoap < 0.5A 








V(min) 
V(max) 













Units . 
(Limits) 












Output Voltage 





4.800/4.750 






V(min) 
5.200/5.250 V(max) 
Efficiency Vin = 12V, ILoap = 0.5A a a 


LM2594-12 


Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range 








LM2594-12 








Units 






Symbol Parameter Conditions Type Limit (Limits) 
(Note 3) ote =e 


SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 





11.52/11.40 
12.48/12.60 
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LM2594 


LM2594-ADJ 


Electrical Characteristics Specitications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range 





| sLM2594-ADJ Unit 
nits 
Symbol Parameter Conditions Type Limit - (Limits) 
(Note 3) (Note 4) 


SYSTEM PARAMETERS (Note 5) Test Circuit Figure 2 














Feedback Voltage 4,.5V < Vin < 40V,0.1A < ILoap < 0.5A Vv 
Vout programmed for 3V. Circuit of Figure 2 1.193/1.180 V(min) 
1.267/1.280 V(max) 









Vin = 12¥, Ioan = 0.5A ee ee 


All Output Voltage Versions 





Electrical Characteristics Specifications with standard type face are for Ty = 25°C, and those with boldface 
type apply over full Operating Temperature Range. Unless otherwise specified, Vin, = 12V for the 3.3V, 5V, and 
Adjustable version and Vij = 24V for the 12V version. lLoap = 100 mA 












LM2594-XX 


Type Limit — - 
(Note 3) ’ (Note 4) 
DEVICE PARAMETERS , 


lb Feedback Bias Current | Adjustable Version Only, VFB=1.3V | 10 | 50/400 nA 


fo _ Oscillator Frequency =| _~ (Note 6) * kHz 
a 127/110 kHz(min) 
173/173 kHz(max) 
VSAT Saturation Voltage lout = 0.5A (Notes 7 and 8) ; Jv 
1.1/1.2 V(max) 
DC - Max Duty Cycle (ON) (Note 8) 100 Dig 
_. | Min Duty Cycle (OFF) (Note 9) 0 : 


A 






Units 
(Limits), . 






Symbol Parameter Conditions 














Icu Current Limit Peak Current, (Notes 7 and 8) 
0.65/0.58 A(min) 
1.3/1.4 A(max) - 








(Notes 7, 9, and 10) Output = OV 
Output = —1V 


Output Leakage Current 







50 pA(max) 

mA 
15 mA(max) 

la Quiescent Current (Note 9) mA 
, ; 10 mA(max) 

IstBy Standby Quiescent ON/OFF pin = 5V (OFF) (Note 10) . pA 
Current 200/250 pA(max) 

OJA Thermal Resistance N Package, Junction to Ambient (Note 11) 95 - C/W 
: M Package, Junction to Ambient (Note 11) 150 


ON/OFF CONTROL Test Circuit Figure 2 



































ON/OFF Pin Logic Input: V 
Threshold Voltage © Low (Regulator ON) ~ 0.6 V(max) 

; High (Regulator OFF) 2.0 ~ Vimin) -- 
ON/OFF Pin Vioaic = 2.5V (Regulator OFF) . pA 
Input Current pA(max) 

BA 
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Electrical Characteristics (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 


Note 2: The human body model is a 100 pF capacitor discharged through a 1.5k resistor into each pin. 
Note 3: Typical numbers are at 25°C and represent the most likely norm. 


Note 4: All limits guaranteed at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits are 100% 
production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods. All limits are used 
to calculate Average Outgoing Quality Level (AOQL). é : 


Note 5: External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can affect switching regulator 
system performance. When the LM2594 is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of 
Electrical Characteristics. 


Note 6: The switching frequency is reduced when the second stage current limit is activated. The amount of reduction is determined by the severity of current 
overload. , 


Note 7: No diode, Inductor or capacitor connected to output pin. 
Note 8; Feedback pin removed from output and connected to OV to force the output transistor switch ON. 


Note 9: Feedback pin removed from output and connected to 12V for the 3.3V, 5V, and the ADJ. version, and 15V for the 12V version, to force the output transistor 
switch OFF. 


Note 10: Vin = 40V. 


Note 11: Junction to ambient thermal resistance with approximately 1 square inch of printed circuit board copper surrounding the leads. Additional copper area will 
lower thermal resistance further. See application hints in this data sheet and the thermal model in Switchers Made Simple software. 


Typical Performance Characteristics (circuit of Figure 2) 
































Normalized 
Output Voltage Line Regulation Efficlency 
15 ; 
ve Vin = 20V = 20V 400mA 
SB 10 hoap = 500mA B 
bad Normalized at Gi 
Z ¢ pe 
=z 0S z & 
oo 3 ~ 
z Z 3 
> +05 s 5 
od i 
2 > 
fond a 
2 1.0 5 
15 : 
-50 -25 0 25 50 75 100 125 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V) 
TL/H/12439-4 TL/H/12439~5 TL/H/12439-6 
Switch Saturation 
Voltage Switch Current Limit Dropout Voltage 
11 14 
7 S 
S = 10 Zo12 
¢ 3 = 
5 = 09 i 1.0 
Ed Fe i 
to a 
a 
Fs} s 5 
= a (08 z 08 
Pd = 5 
pa oS o 
S = 1 6 
% = 07 5 0. 
z 
. 0.6 0.4 
Oo Of O02 O03 O04 05 -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 
SWITCH CURRENT (A) JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
TL/H/12439-7 TL/H/12439-8 TL/H/12439-9 
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LM2594 


Typical Performance Characteristics (Circuit of Figure 2) (Continued) a, 


SUPPLY CURRENT (mA) 


THRESHOLD VOLTAGE (V) 


Quiescent Current 


Be 
Rim a 


SWITCH ON 








-50 -25 0 25 §0 75 100 125 
JUNCTION TEMPERATURE (°C) 
TL/H/12439~10 


‘ON/OFF Threshold 
Voltage , 

















“50 -25 0 25 50 75 100 125 
JUNCTION TEMPERATURE (°C) 
TL/H/12439-13 


CURRENT (2A) CURRENT (jsA) 


FEEDBACK BIAS CURRENT (nA) 


Standby 
“Quiescent Current 





Von/orr = SY 


SUPPLY VOLTAGE (V) 
TL/H/12439-11 


ON/OFF Pin 
Current (Sinking) 





ON/OFF PIN VOLTAGE (V) 


Feedback Pin 
Bias Current 






"50 -25 0 25 50 


TTL LER 
eee 


ADJUSTABLE VERSION ONLY 


Pt TTT tl 


TL/H/12439-14 


75 100 125 


JUNCTION TEMPERATURE (°C) 
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TL/H/12439-16 


SUPPLY VOLTAGE (V) 


FREQUENCY (kHz) 


Minimum Operating 
Supply Voltage 
: 











“50-25 0 25 50 75 100 125 
JUNCTION TEMPERATURE (°C) 
TL/H/12439-12 


Switching Frequency 























“50-25 0 25 50 75 100 125 
JUNCTION TEMPERATURE (°C) 
TL/H/12439-15 


Typical Performance Characteristics (Circuit of Figure 2) 


v6ScWT 


Continuous Mode Switching Waveforms Discontinuous Mode Switching Waveforms 
Vin = 20V, Vout = 5V, ILoap = 400 mA Vin = 20V, Vout = 5V,ILoap = 200 mA 


L = 100 pH, Coyt = 120 nF, Coy7 ESR = 140 mn L = 33 pH, Coyt = 220 pF, Coy7t ESR = 60 mn 





TL/H/12439-17 ; TL/H/12439-18 


A: Output Pin Voltage, 10V/div. A: Output Pin Voltage, 10V/div. 
B: Inductor Current 0.2A/div. B: Inductor Current 0.2A/div. 
C: Output Ripple Voltage, 20 mV/div. C: Output Ripple Voltage, 20 mV/div. 
Horizontal! Time Base: 2 ys/div. Horizontal Time Base: 2 ps/div. 
Load Transient Response for Continuous Mode | Load Transient Response for Discontinuous Mode 
Vin = 20V, Vout = 5V; lLoap = 200 mA to 500 mA Vin = 20V, Vout = 5V, ILoap = 100 mA to 200 mA 
L = 100 pH, Coyt = 120 pF, Cour ESR = 140 m2. L = 33 pH, Cout = 220 pF, Coyr ESR = 60 mn 





TL/H/12439-19 TL/H/12439-20 
A: Output Voltage, 50 mV/div. (AC) A: Output Voltage, 50 mV/div. (AC) 
B: 200 mA to 500 mA Load Pulse B: 100 mA to 200 mA Load Pulse 
Horizontal Time Base: 50 ys/div. Horizontal Time Base: 200 ys/div. 
Block Diagram 
ON/OFF 


1,.235V 2.5V 
REFERENCE REGULATOR 


FEEDBACK 


YE os ACTIVE we 
CAPACITOR ; 7 
. t t : y . 
THERMAL OUTPUT 
3.3V, R2 = 4.2k LIMIT | 


SV, R2 = 7.6k 
12V, R2 = 21.8k 
ADJ, R2 = 0 
R1 = OPEN 





TL/H/12439-21 


FIGURE 1 
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LM2594 


Test Circuit and Layout Guidelines 


Fixed Output Voltage Versions 













FEEDBACK 


LM2594_ | outPut 


¢ 
FIXED OUTPUT ; 
ON/OFF 


UNREGULATED 
OC INPUT 


HEAVY LINES MUST BE KEPT SHORT AND USE 
GROUND PLANE CONSTRUCTION FOR BEST RESULTS 


Cin — 68 pF, 35V, Aluminum Electrolytic 
Nichicon “PL Series” 
Cout — 120 pF, 25V Aluminum Electrolytic, 
Nichicon “PL Series” 
Dt  —1A, 40V Schottky Rectifier, 1N5819 


Li — 100 pH, L20 


KEEP FEEDBACK WIRING AWAY 
~~ FROM INDUCTOR FLUX 


r be | 
REGULATED OUTPUT =! 3 wH ! 
t Od t 
i] | 
8 Lit 
t + oft 
i] I 
1 100uF JAqn 
! Diu 
i] i] 
i] i] 
1 _ LOW ESR ' 
; SHORT LEADS i 
a 


OPTIONAL POST RIPPLE FILTER 
TL/H/12439~22 


Adjustable Output Voltage Versions 
Cre 












FEEDBACK 





LM2594 


UNREGULATED 
DC INPUT- 


Re 





OUTPUT 


OO 
ADJUSTABLE 
ON/OFF 


HEAVY LINES MUST BE KEPT SHORT AND USE 
GROUND PLANE CONSTRUCTION FOR BEST RESULTS 


Vout = Vrer ( + te) where Vref = 1.23V 
1 


Vout _ 1) 


Re = Ft (jos 


Select R,; to be approximately 1 kN, 
use a 1% resistor for best stability. 


LOCATE THE PROGRAMMING RESISTORS NEAR 
THE FEEDBACK PIN USING SHORT LEADS 


KEEP FEEDBACK WIRING AWAY 
+ FROM INDUCTOR FLUX 


REGULATED OUTPUT 





TL/H/12439-23 


Cin =— 68 pF, 35V, Aluminum Electrolytic 


Nichicon “PL Series” 


Cout — 120 pF, 25V Aluminum Electrolytic, 
Nichicon ‘PL Series” 


Di —1A, 40V Schottky Rectifier, 1N5819 
L1 — 100 pH, L20 

Ry —1k0,1% 

Crr — See Application Information Section 


FIGURE 2. Standard Test Circuits and Layout Guides 


As in any switching regulator, layout is very important. Rap- 
idly switching currents associated with wiring inductance 
can generate voltage transients which can cause problems. 
For minimal inductance and ground loops, the wires indicat- 
ed by heavy lines should be wide printed circuit traces 
and should be kept as short as possible. For best results, 
external components should be located as close to the 
switcher IC as possible using ground plane construction or 
single point grounding. 
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If open core Inductors are used, special care must be 
taken as to the location and positioning of this type of induc- 
tor. Allowing the inductor flux to intersect sensitive feed- 
back, IC groundpath and Coyrt wiring can cause problems. 


When using the adjustable version, special care must be 
taken as to the location of the feedback resistors and the 
associated wiring. Physically locate both resistors near the 
IC, and route the wiring away from the inductor, especially 
an open core type of inductor. (See application section for 
more information.) 


LM2594 Series Buck Regulator Design Procedure (Fixed Output) 


PROCEDURE (Fixed Output Voltage Version) 


Given: 


- Vout. = Regulated Output Voltage (3.3V, 5V or 12V) 
Vin(max) = Maximum DC Input Voltage 

ILoap(max) = Maximum Load Current 

. Inductor Selection (L1) 


A. Select the correct inductor value selection guide from 
Figures 5, 6, or 7. (Output voltages of 3.3V, 5V, or 12V 
respectively.) For all other voltages, see the design pro- 
cedure for the adjustable version. 


B. From the inductor value selection guide, identify the 
inductance region intersected by, the Maximum Input 
Voltage line and the Maximum Load Current line. Each 
region is identified by an inductance value and an induc- 
tor code (LXxX). 


C. Select an appropriate inductor from the four manufac- 
turer’s part numbers listed in Figure 9. 


. Output Capacitor Selection (Court) 


A. In the majority of applications, low ESR (Equivalent 
Series Resistance) electrolytic capacitors’ between 
82 uF and 220 uF and low ESR solid tantalum capaci- 
tors between 15 pF and 100 pF provide the best results. 
This capacitor should be located close to the IC using 
short capacitor leads and short copper traces. Do not 
use capacitors larger than 220 pF. 


For additional information, see section on output ca- 
pacitors in application information section. 


B. To simplify the capacitor selection procedure, refer to 
the quick design component selection table shown in 
Figure 3. This table contains different input voltages, out- 
put voltages, and load currents, and lists various induc- 
tors and output capacitors that will provide the best de- 
sign solutions. 


C. The capacitor voltage rating for electrolytic eapaclors 
should be at least 1.5 times greater than the output volt- 
~ age, and often much higher voltage ratings are needed 
to satisfy the low ESR requirements for low output ripple 
voltage. 


’ D. For computer aided design software, see Switchers 


Made Simple® version 4.1 or later. 
. Catch Diode Selection (D1) 
A. The catch diode current rating must be at least 1.3 


times greater than the maximum load current. Also; if the _ 


power supply design must withstand a continuous output 
short, the diode should have a current rating equal to the 
maximum current limit of the LM2594. The most stressful 
condition for this diode is an overload or shorted output 
condition. 


B. The reverse voltage rating of the diode should be at 
least 1.25 times the maximum input voltage. 


C. This diode must be fast (short reverse recovery time) 
and must be located close to the LM2594 using short 
leads and short printed circuit traces. Because of their 
fast switching speed and low forward voltage drop, 
Schottky diodes provide the best performance and effi- 
ciency, and should be the first choice, especially in low 
output voltage applications. Ultra-fast recovery, or High- 


Procedure continued on next page. 
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EXAMPLE (Fixed Output Voltage Version) 





Given: 


Vout = 5V 
Vin(max) = 12V 
ILoap(max) = 0.4A 


. Inductor Selection (L1) 


A. Use the inductor selection guide for the 5V version 
shown in Figure 6. 


B. From the inductor value selection guide shown in Fig- 
ure 6, the inductance region intersected by the 12V hori- 
zontal line and the 0.4A vertical line is 100 wH, and the 
inductor code is L20. 


C. The inductance value required is 100 pH. From the 
table in Figure 9, go to the L20 line and choose an induc- 
tor part number from any of the four manufacturers 
shown. (In most instance, both through hole and surface 
mount inductors are available.) 


. Output Capacitor Selection (Coyr) 


A. See section on output capacitors in application 
Information section. 


B. From the quick design component selection table 
shown in Figure 3, locate the 5V output voltage section. 
In the load current column, choose the load current line 
that is closest to the current needed in your application, 
for this example, use the 0.5A line. In the maximum input 
voltage column, select the line that covers the input volt- 
age needed in your application, in this example, use the 
15V line. Continuing on this line are recommended in- 
ductors and capacitors that will provide the best overall 
performance. 


The capacitor list contains both through hole electrolytic 
and surface mount tantalum capacitors from four differ- 
ent capacitor manufacturers. It is recommended that 
both the manufacturers and the manufacturer's series 
that are listed in the table be used. 


In this example aluminum electrolytic capacitors from 
several different manufacturers are available with the 
range of ESR numbers needed. 


120 pF 25V Panasonic HFQ Series 
120 nF 25V_ Nichicon PL Series 


C. For a 5V output, a capacitor voltage rating at least 
7.5V or more is needed. But, in this example, even a low 
ESR, switching grade, 120 nF 10V aluminum electrolytic 
capacitor would exhibit approximately 400 mQ of ESR 
(see the curve in Figure 74 for the ESR vs voltage rat- 
ing). This amount of ESR would result in relatively high 
output ripple voltage. To reduce the ripple to 1% of the 
output voltage, or less, a capacitor with a higher voltage 
rating (lower ESR) should be selected. A 16V or 25V 
capacitor will reduce the ripple voltage by approximately 
half. 


. Catch Diode Selection (D1) 


A. Refer to the table shown in Figure 12. Inthis example, 
a 1A, 20V, 1N5817 Schottky diode will provide the best 
performance, and will not be overstressed even for a 
shorted output. 


' Example continued on next page. 
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LM2594 


PROCEDURE (Fixed Output Voltage Version) 


Efficiency rectifiers also provide good results. Ultra-fast 
recovery diodes typically have reverse recovery times of 
50 ns or less. Rectifiers such as the 1N4001 series are 
much too slow and should not be used. 


. Input Capacitor (Cyn) 


A low ESR aluminum or tantalum bypass capacitor is 
needed between the input pin and ground to prevent 
large voltage transients from appearing at the input. In 
addition, the RMS current rating of the input capacitor 
should be selected to be at least 14 the DC load current. 
The capacitor manufacturers data sheet must be 
checked to assure that this current rating is not exceed- 
ed. The curve shown in Figure 13 shows typical RMS 
current ratings for several different.aluminum electrolytic 
capacitor values. 


This capacitor should be located close to the IC using 
short leads and the voltage rating should be approxi- 
mately 1.5 times the maximum input voltage. 


-If solid tantalum input capacitors are used, it is recom- 


ended that they be surge current tested by the manufac- 
turer. 

Use caution when using ceramic capacitors for input by- 
passing, because it may cause severe ringing at the Vin 
pin. 

For additional information, s see section on input ca- 
pacitors in Application Information section. 


LM2594 Series Buck Regulator Design Procedure (Fixed Output) (Continued) 





EXAMPLE (Fixed Output Voltage Version) © 


4. Input Capacitor (Cjj) 


The important parameters for the Input capacitor are the 
input voltage rating and the RMS current rating. With a 
nominal input voltage of 12V, an aluminum electrolytic 
capacitor with a voltage rating greater than 18V (1.5 x 
Vin) would be needed. The next higher capacitor voltage 
rating is 25V. 


The RMS current rating requirement for the input capaci- 
tor in a buck regulator is approximately 14 the DC load 
current. In this example, with a 400 mA load, a capacitor 
with a RMS current rating of at least 200 mA is needed. 
The curves shown in Figure 73 can be used to select an 
appropriate input capacitor. From the curves, locate the 
25V line and note which capacitor values have RMS cur- 
rent ratings greater than 200 mA. Either a 47 pF or 
68 pF, 25V capacitor could be used. 


For a through hole design, a 68 wF/25V electrolytic ca- 
pacitor (Panasonic HFQ series or Nichicon PL series or 
equivalent) would be adequate. other types or other 
manufacturers capacitors can be used provided the 
RMS ripple current ratings are adequate. 


For surface mount designs, solid tantalum capacitors are 
recommended. The TPS series available from AVX, and 
the 593D series from Sprague are both surge current 
tested. 


Conditions Output Capacitor , 
Surface Mount 
Gee ewan sett vane | ae ieee ieee oe ee ree 
(V) (A) BN (HH) (#) (uF/V) (FV) | (HEY) (uF/V) 
| ss | te | arte =| 220/16 =| 100/16 | 100/63 
ee 100/6.3 
P tof | tat S| tz0ves | 120/25 | 100/16 | 100/63 
100/6.3 
| se |e T a | tzoves | 120/25 | 100/16 | 100/63 
eee ee ee 100/6.3 
| 40 | eo | te |S torte =| tz0vt6. | too/16 =| 100/63 
Ps | az Tits | terre | 80/16 =| too/16 | 33/28 
foto |S | tat S| torte =| torte =| 00/16 =| 33/25 
| ts | tons | tao] tzovas | 120/25 | 100/16 | 39/25 
P40 | ts0 | tt] tzovas =| 120/25 | 100/16 | 33/25 
Poo ttc toate =| sate, | t00/16 =| 93/28 
oe ae aie eri 33/25 
| 40 s30.-—§-— «|| st] tzovte =| 20/16 ~| 100/16 | 33/25 
Pts | cSt S| tees | savas =| too/ie | 18/25 
Pts | tso | | eas | sevas | 100/16 | 18/25 
| 30s] pens |e | avas | savas | toov16 | 15/25 
P40 | 30s || ts | eas] se/as | 00/16 | 18/25 
Pts | too | tt | sees | savas | 00/16 | 18/25 
poe ee ae er 15/25 
[40 Tso | iz | eves | savas | to016 | 15/25 


FIGURE 3. LM2594 Fixed Voltage Quick Design Component Selection Table 
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ET = (Vin — Vout — Vsat) ® 


LM2594 Series Buck Regulator Design Procedure (Adjustable Output) 


PROCEDURE (Adjustable Output Voltage Version) 


Given: 


Vout = Regulated Output Voltage 

Vin(max) = Maximum Input Voltage 

ILoap(max) = Maximum Load Current 

F = Switching Frequency (Fixed at a nominal 150 kHz). 


1. Programming Output Voltage (Selecting R; and Ro, as 


shown in Figure 2) 


Use the following formula to select the appropriate resis- 
tor values. 


R 
Vout = VREF (1 + #2) where VreF = 1.23V 


Select a value for Ry between 2400 and 1.5 kf. The 
lower resistor values minimize noise pickup in the sensi- 
tive feedback pin. (For the lowest temperature coeffi- 
cient and the best stability with time, use 1% metal film 
resistors.) 


V 
Ro = R; (Fox - 1) 


2. Inductor Selection (L1) 


A. Calculate the inductor Volt microsecond constant 
ET (V ® ps), from the following formula: 

Vout + Vp P 1000 
Vin — Vsat + Vp . 150 kHz 
where VgaT = internal switch saturation voltage = 0.9V 
and Vp = diode forward voltage drop = 0.5V 
B. Use the E ¢ T value from the previous formula and 
match it with the E ¢ T number on the vertical axis of the 
Inductor Value Selection Guide shown in Figure 8. 

C. on the horizontal axis, select the maximum load cur- 
rent. 

D. Identify the inductance region intersected by the E e T 
value and the Maximum Load Current value. Each region 
is identified by an inductance value and an inductor code 
(LXX). 


E. Select an appropriate inductor from the four manufac- 
turer’s part numbers listed in Figure 9. 


(V ¢ ps) 


3. Output Capacitor Selection (Coyrt) 


A. In the majority of applications, low ESR electrolytic or 
solid tantalum capacitors between 82 uF and 220 uF 
provide the best results. This capacitor should be locat- 
ed close to the IC using short capacitor leads and short 
copper traces. Do not use capacitors larger than 220 pF. 
For additional information, see section on output ca- 
pacitors in application information section. 


B. To simplify the capacitor selection procedure, refer to 
the quick design table shown in Figure 4. This table con- 
tains different output voltages, and lists various output 
capacitors that will provide the best design solutions. 

C. The capacitor voltage rating should be at least 1.5 
times greater than the output voltage, and often much 
higher voltage ratings are needed to satisfy the low ESR 
requirements needed for low output ripple voltage. 


Procedure continued on next page. 
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EXAMPLE (Adjustable Output Voltage Version) 


Given: 


VouT = 20V 

Vin(max) = 28V 

lLoap(max) = 0.5A 

F = Switching Frequency (Fixed at a nominal 150 kHz). 
Programming Output Voltage (Selecting Ry and Ro, as 
shown in Figure 2) 


Select R; to be 1 kO, 1%. Solve for Ro. 
Vout ) ( 20V ) 
Ro = —— -— 1] = 1k | —— - 
2= Fy (Hour 1.23V : 


Ro = 1k (16.26 — 1) = 15.26k, closest 1% value is 
15.4 kQ. 


Ro = 15.4k2. 


. Inductor Selection (L1) 


A. Calculate the inductor Volt ¢ microsecond constant 
(E ° T), 


20 + 0.5 


7 1000 
28 — 0.9 + 0.5 


Meo re 


EeT = (28 —-20-0.9)¢ 
20.5 
27.6 
B.E°¢T = 35.2 (Ve ps) 
C. ILoap(max) = 0.5A 


D. From the inductor value selection guide shown in Fig- 
ure 8, the inductance region intersected by the 35 (V e 
pS) horizontal line and the 0.5A vertical line is 150 wH, 
and the inductor code is L19. 


E. From the table in Figure 9, locate line L19, and select 
an inductor part number from the list of manufacturers 
part numbers. 


E©T = (7.1) ¢—~ 6.67 (Ve ps) = 35.2 (Ve ps) 


. Output Capacitor Selection (Coyt) 


A. See section on Court in Application Information sec- 
tion. 


B. From the quick design table shown in Figure 4, locate 
the output voltage column. From that column, locate the 
output voltage closest to the output voltage in your appli- 
cation. In this example, select the 24V line. Under the 
output capacitor section, select a capacitor from the list 
of through hole electrolytic or surface mount tantalum 
types from four different capacitor manufacturers. It is 
recommended that both the manufacturers and the man- 
ufacturers series that are listed in the table be used. 


In this example, through hole aluminum electrolytic ca- 
pacitors from several different manufacturers are avail- 
able. 


82F 50V Panasonic HFQ Series 
120 uF 50V_ Nichicon PL Series 
Example continued on next page. 
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LM2594 


PROCEDURE (Adjustable Output Voltage Version) 


. Feedforward Capacitor (Crp) (See Figure 2) 


For output voltages greater than approximately 10V, an 
additional capacitor is required. The compensation ca- 
pacitor is typically between 50 pF and 10 nF, and is wired 
in parallel with the output voltage setting resistor, “Ro. It 
provides additional stability for high output voltages, low 


‘input-output voltages, and/or very low ESR output ca- 


pacitors, such as solid tantalum capacitors. . 

31 X 103 X Ro 

This capacitor type can be ceramic, plastic, silver mica, 
etc. (Because of the unstable characteristics of ceramic 


capacitors made with Z5U material, they are not recom- 
mended.) 


Crr = 


. Catch Diode Selection (D1) 


A. The catch diode current rating must be at least 1.3 
times greater than the maximum load current. Also, if the 
power supply design must withstand a continuous output 
short, the diode should have a current rating equal to the 
maximum current limit of the LM2594. The most stressful 
condition for this diode i is an overload or shorted output 
condition. 


B. The reverse voltage rating of the diode should be at 
least 1.25 times the maximum input voltage. 


C. This diode must be fast (short reverse recovery time) 
and must be located. close.to the LM2594 using short 
leads and short printed circuit traces. Because of their 
fast switching speed and low forward voltage drop, 
Schottky diodes provide the best performance and effi- 
ciency, and should be the first choice, especially in low 
output voltage applications. Ultra-fast recovery, or High- 
Efficiency rectifiers are also a good ‘choice, but some 


-types with an abrupt turn-off characteristic may cause 


instability or EMI problems. Ultra-fast recovery diodes 
typically have reverse recovery times of 50 ns or less. 


.. Rectifiers such as the 1N4001 series are much too slow 


and should not be used. 


. Input Capacitor (Cjj) 


A low ESR aluminum or tantalum bypass capacitor is 
needed between the input pin and ground to prevent 
large voltage transients from appearing at the input. In 
addition, the RMS current rating of the input capacitor 
should be selected to be at least 1% the DC load current. 
The capacitor manufacturers. data sheet must be 
checked to assure that this current rating is not exceed- 
ed. The curve shown in Figure 13 shows typical RMS 
current ratings for several different aluminum electrolytic 
capacitor values. 


‘This capacitor should be located close to the IC using 


short leads and the voltage rating should be approxi- 
mately 1.5 times.the maximum input voltage. 

If solid tantalum input capacitors are used, it is recom- 
ended that they be surge current tested by the manufac- 
turer. 

Use caution when using ceramic capacitors for input by- 
passing, because it may cause severe ringing at the Vij 
pin. 


For additional information, see section on input capaci- 
tors in application information section. 
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LM2594 Series Buck Regulator Design Procedure (Adjustable Output) 


EXAMPLE (Adjustable Output Voltage Version) 


C. For a 20V output, a capacitor rating of at least 30V or 
more is needed. In this example, either a 35V or 50V 
capacitor would work. A 50V rating was chosen because 
it has a lower ESR which provides a lower output ripple 
voltage. 


Other manufacturers or other types of capacitors may 
also be used, provided the capacitor specifications (es- 
pecially the 100 kHz ESR) closely match the types listed 

-_ in the table. Refer to the capacitor manufacturers data 
sheet for this information. 


. Feedforward Capacitor (Cer) 


The table shown in Figure 4 contains feed forward ca- 
pacitor values for various output voltages. In this exam- 
ple, a 1 nF capacitor is needed. , 


. Catch Diode Selection (D1) 


A. Refer to the table shown in Figure 12. Schottky diodes 
provide the best performance, and in this example a 1A, 
40V, 1N5819 Schottky diode would be a good choice. 
The 1A diode rating is more than adequate and will not 
be overstressed even for a shorted output. 


. Input Capacitor (Cjy) 


‘The important parameters for the Input capacitor are the 
input voltage rating and the RMS current rating. With a 
nominal input voltage of 28V, an aluminum electrolytic 
aluminum electrolytic capacitor with a voltage rating 
greater than 42V (1.5.x Vin) would be needed. Since 
the the next higher capacitor voltage rating is 50V, a 50V 
capacitor should be used. The capacitor voltage rating of 
(1.5 X Vij) is a conservative guideline, and can be modi- 

‘fied somewhat if desired. 


The RMS current rating requirement for the input capaci- 
tor of a buck regulator is approximately 1% the DC load 
current. In this example, with a 400 mA load, a capacitor 
with a RMS current rating of at least 200 mA is needed. 


The curves shown in Figure 13 can be used to select an 
appropriate input capacitor. From the curves, locate the 
50V line and note which capacitor values have RMS cur- 
‘rent ratings greater than 200 mA. A 47 ywF/50V low ESR 
electrolytic capacitor capacitor is needed. 


For a through hole design, a 47 »F/50V electrolytic ca- 
pacitor (Panasonic HFQ series or Nichicon PL series or 
equivalent) would be adequate. Other types or other 
manufacturers capacitors can be used provided the 
RMS ripple current ratings are adequate. 


For surface mount designs, solid tantalum capacitors are 
recommended. The TPS series available from AVX, and 
the 593D series from Sprague are both surge current 
tested. ; 


To further simplify the buck regulator design procedure, Na- 
tional Semiconductor is making available computer design 
software to be used with the Simple Switcher line ot switch- 
ing regulators. Switchers Made Simple (version 4.1 or lat- 
er) is available on a 3%” diskette for IBM compatible com- 
puters, 
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LM2594 Series Buck Regulator Design Procedure (Adjustable Output) 


(Continued) 


Output 


Voltage 


(V) 


1.2 


12 
15 
24 
28 


Panasonic Nichicon PL 


Through Hole Output Capacitor 


Feedforward 
Capacitor 


HFQ Series Series 
(uF/V) pF/V) 


ca 
[aera | 
52780 | 
a 


82/25 82/25 2.2nF . 


82/25 82/25 1.5 nF 
82/50 120/50 1nF 
82/50 120/50 820 pF 





Surface Mount Output Capacitor 


"seres | sospseres | Feestorward 
(uF/V) (uF/V) 
4.7 nF 
3.3 nF 
1.5 OF 
220 pF 


FIGURE 4. Output Capacitor and Feedforward Capacitor Selection Table 


LM2594 Series Buck Regulator Design Procedure 
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation) 


MAXIMUM INPUT VOLTAGE (V) 


MAXIMUM INPUT VOLTAGE (V) 


40V 





0.1 0.2 03° 0.4 0.5 


MAXIMUM LOAD CURRENT (A) 
TL/H/12439-24 
FIGURE 5. LM2594-3.3 


40V 





a DS ES, 
Ey L265 
LS) 


=o at 
BN a 
Sed acres 






MAXIMUM LOAD CURRENT (A) 
TL/H/12439-26 


FIGURE 7. LM2594-12 
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MAXIMUM INPUT VOLTAGE (V) 


EeT (Ve ys) 


40V 
30V 
20V 


15V 





0.1 0.2 03 04 0.5 


MAXIMUM LOAD CURRENT (A) 


FIGURE 6. LM2594-5.0 


TL/H/12439-25 





0.1 0.2 03 04 0.5 


MAXIMUM LOAD CURRENT (A) 


FIGURE 8. LM2594-ADJ 


TL/H/12439-27 
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LM2594 Series Buck sles calaihiii Procedure (Continued) 





Inductance 
(wH) en Soret ae Surface Through Surface 
Hole Hole Mount Hole ane 
1 he eo soe 67143910 | 67144280 | RL-5470-3 | AL1500-220 | PE-53801 | PE-53801-S | 
i2 | . 150 | 0.21 | 67143920 | 67144290 | AL-5470-4 | RL1500-150 | PE-59802 | PE-59802-S 
L3 = See 67143930 | 67144300 | RL-5470-5 | AL1500-100 | PE-53803 | PE-53803-S 
ia | 68 | 032 | 671439040 | 67144310,| AL-1284-68 | AL1500-68 | PE-53804 | PE-53804-S 
Ls 67148310 | 67148420 | RL-1284-47 | AL1500-47 | PE-59805 | PE-53805-S 
| 0.44 | 67148320 | 67148430 | RL-1284-33 | AL1500-39 | PE-53806 | PE-53806-S 
| 0.60 | 67148990 | 67148440 | RL-1284-22 | RL1500-22 | PE-53807 | PE-53807-S 
| 0.26 | 67143950 | 67144320 | AL-5470-2 | RL1500-330 | PE-59808 | PE-53808-S 
| 032 | 67143960 | 67144330 | AL-5470-3 | RL1500-220 | PE-53809 | PE-53809-S 
o| 150 | 0239 | 67143970 | 67144340 | AL-5470-4 | RL1500-150 | PE-53810 | PE-53810-S 
67143980 | 67144350 | AL-5470-5 | RL1500-100 | PE-59811 | PE-53811-S 
L12| 68 | 0.58 | 67143990 | 67144360 | AL-5470-6 | AL1500-68 | PE-s3et2 | PE-59812-S 
L13 67144000 | 67144380 | RL-5470-7 | AL1500-47 | PE-59813 | PE-53813-S 
u14[ 33 | 0.83 | 67148340 | 67148450 | AL-1284-33 | AL1500-33 | PE-53614 | PE-59814-S 
L1s| 22 -| +099 | 67148350 | 67148460 | AL-1284-22 | AL1500-22 | PE-59815 | PE-59815-S 
tie{ 15 | 1.24 | 67148960 | 67148470 | AL-1284-15 | AL1500-15 | PE-59816 | PE-59816-S 
17] 330 ~— | ~0.42_ | 67144030 | 67144410 | AL-5471-1__ | RL1500-330 | PE-53817 | PE-53817-S 
Lis; 220 ~—-| 0.85 | 67144040 | 67144420 | AL-5471-2 | RL1500-220 | PE-53818 | PE-53818-S 
L19| 150 | 0.66 | 67144050 | 67144430 | RL-5471-3 | RL1500-150 | PE-53619 | PE-53819-S 
L20| 100 | 082 | 67144060 | 67144440 | RL-5471-4 | RL1500-100 | PE-53820 | PE-53820-S 
1| 68 | 099 | 67144070 | 67144450 | RL-5471-5 | RL1500-68 | PE-53821 | PE-53821-S 
26| 330 | 0.80 | 67144100 | 67144480 | AL-S471-1 | — | PE-59826 | PE-59826-S 
27|__ 220 |_+.00_| 67144110 | 67144490 | AL-5471-2 | — | PE-53827 | PE-59827-S 


is | 33 
ts | 330 


Li 100 


Pulse | PulseEngineering 


FIGURE 9. Inductor Manufacturers Part Numbers 
















(800) 322-2645 


panes es | FAX _| (708) 699-1469 


Coilcraft Inc., Europe +11 1236 730 595 
| FAX | +44 1236 730 627 


Fue nngmeenna Inc. | Phone | (619) 674-8100 
| FAX | (619) 674-8262 


Pulse Engineering Inc., 
faa el fener 
Sao — [roel sn 
[| Fax | (612)475-1766 


FIGURE 10. Inductor Manufacturers Phone Numbers 
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Nichicon Corp. 


Panasonic 


Sprague/Vishay 


Collcraft 


Surface 
Mount 


DO1608-224 
DO1608-154 
DO1608-104 
DO1608-68 
DO1608-473 
DO1608-333 
DO1608-223 
DO3308-334 
DO3308-224 
DO3308-154 
DO3308-104 
DO1608-683 
DO3308-473 
DO1608-333 
DO1608-223 
DO1608-153 
DO3316-334 
DO3316-224 
DO3316-154 
DO3316-104 
DDO3316-683 


(708) 843-7500 
(708) 843-2798 


(714) 373-7857 
—_ (714) 373-7102 





ae 
= 


FIGURE 11. a Manufacturers Phone Numbers 


LM2594 Series Buck Regulator 
Design Procedure (continueg) 


1A Diodes 


VR Surface Mount 
Schottky Ultra Fast 
Recovery 
30V 


Through Hole 
Recovery 
1N5817 All of 
these 
SR102 diodes are 
1N5818 rated to at 
SR103 least 50V. 
11DQ03 
1N5819 


All of 
these 
diodes are 
rated to at 
least 50V. 


MBRS130 


BRS140 ) MURS120 


M 
10BF10 
| 10MGo40 | 


10MQ040 
50V | MBRS160 SR105 
“OF =| 40BQ050 MBR150 
more 


MUR120 
HER101 
11DF1 


40V 


FIGURE 12. Diode Selection Table 


Application Information 


PIN FUNCTIONS 


+Vin—This is the positive input supply for the IC switching 
regulator. A suitable input bypass capacitor must be present 
at this pin to minimize voltage transients and to supply the 
switching currents needed by the regulator. 


Ground—Circuit ground. 


Output—internal switch. The voltage at this pin switches 
between (+Vin  — Vsat) and approximately —0.5V, with a 
duty cycle of Vout/Vin. To minimize coupling to sensitive 
circuitry, the PC board copper area connected to this pin 
should be kept to a minimum. 


Feedback—Senses the regulated output voltage to com- 
plete the feedback loop. 


ON/OFF—Allows the switching regulator circuit to be shut 
down using logic level signals thus dropping the total input 
supply current to approximately 80 pA. Pulling this pin be- 
low a threshold voltage of approximately 1.3V turns the reg- 
ulator on, and pulling this pin above 1.3V (up to a maximum 
of 25V) shuts the regulator down. If this shutdown feature is 
not needed, the ON/OFF pin can be wired to the ground pin 
or it can be left open, in either case the regulator will be in 
the ON condition. 


EXTERNAL COMPONENTS 


Cin—A low ESR aluminum or tantalum bypass capacitor is 
needed between the input pin and ground pin. It must be 
located near the regulator using short leads. This capacitor 
prevents large voltage transients from appearing at the in- 
put, and provides the instantaneous current needed each 
time the switch turns on. 


The important parameters for the Input capacitor are the 
voltage rating and the RMS current rating. Because of the 
relatively high RMS currents flowing in a buck regulator's 
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input capacitor, this capacitor should be chosen for its RMS 
current rating rather than its capacitance or voltage ratings, 
although the capacitance value and voltage rating are di- 
rectly related to the RMS current rating. 


The RMS current rating of a capacitor could be viewed as a 
capacitor’s power rating. The RMS current flowing through 
the capacitors internal ESR produces power which causes 
the internal temperature of the capacitor to rise. The RMS 
current rating of a capacitor is determined by the amount of 
current required to raise the internal temperature approxi- 
mately 10°C above an ambient temperature of 105°C. The 
ability of the capacitor to dissipate this heat to the surround- 
ing air will determine the amount of current the capacitor 
can safely sustain. Capacitors that are physically large and 
have a large surface area will typically have higher RMS 
current ratings. For a given capacitor value, a higher voltage 
electrolytic capacitor will be physically larger than a lower 
voltage capacitor, and thus be able to dissipate more heat 
to the surrounding air, and therefore will have a higher RMS 
current rating. 


The consequences of operating an electrolytic capacitor 
above the RMS current rating is a shortened operating life. 
The higher temperature speeds up the evaporation of the 
capacitor’s electrolyte, resulting in eventual failure. 


Selecting an input capacitor requires consulting the manu- 
facturers data sheet for maximum allowable RMS ripple cur- 
rent. For a maximum ambient temperature of 40°C, a gener- 
al guideline would be to select a capacitor with a ripple cur- 
rent rating of approximately 50% of the DC load current. For 
ambient temperatures up to 70°C, a current rating of 75% of 
the DC load current would be a good choice for a conserva- 
tive design. The capacitor voltage rating must be at loast 
1.25 times greater than the maximum input voltage, and of- 
ten a much higher voltage capacitor is needed to satisfy the 
RMS current requirements. 


A graph shown in Figure 13 shows the relationship between 
an electrolytic capacitor value, its voltage rating, and the 
RMS current it is rated for. These curves were obtained 
from the Nichicon “PL” series of low ESR, high reliability 
electrolytic capacitors designed for switching regulator ap- 
plications. Other capacitor manufacturers offer similar types 
of capacitors, but always check the capacitor data sheet. 


“Standard” electrolytic capacitors typically have much high- 
er ESR numbers, lower RMS current ratings and typically 
have a shorter operating lifetime. ; 


Because of their small size and excellent performance, sur- 
face mount solid tantalum capacitors are often used for in- 
put bypassing, but several precautions must be observed. A 
small percentage of solid tantalum capacitors can short if 
the inrush current rating is exceeded. This can happen at 
turn on when the input voltage is suddenly applied, and of 
course, higher input voltages produce higher inrush cur- 
rents. Several capacitor manufacturers do a 100% surge 
current testing on their products to minimize this potential 
problem. If high turn on currents are expected, it may be 
necessary to limit this current by adding either some resist- 
ance or inductance before the tantalum capacitor, or select 
a higher voltage capacitor. As with aluminum electrolytic ca- 
pacitors, the RMS ripple current rating must be sized to the 
load current. 


P6SCINT 
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Application Information (continued) 


MTAIDe Conia 
BAAR 


| AAA | | 
EAS Male a) 


/ | TYPICAL RMS CURRENT RATINGS 
OF LOW ESR ELECTROLYTIC 
CAPACITORS. 100 kHz, @105°C 





CAPACITOR CURRENT RATING @ 105°C (RMS mA) 


0 10 20 30 40 50 60 70 


CAPACITOR VOLTAGE RATING (V) 
TL/H/12439-28 
FIGURE 13. RMS Current Ratings for Low ESR 
Electrolytic Capacitors (Typical) 


OUTPUT CAPACITOR 


Cout—An output capacitor is required to filter the output 
and provide regulator loop stability. Low impedance or low 
ESR Electrolytic or solid tantalum capacitors designed for 
switching regulator applications must be used. When select- 


ing an output capacitor, the important capacitor parameters. 


are; the 100 kHz Equivalent Series Resistance (ESR), the 
RMS ripple current rating, voltage rating, and capacitance 
value. For the output capacitor, the ESR value is the most 
important parameter. 


The output capacitor requires an ESR value that has an 
upper and lower limit. For low output ripple voltage, a low 
ESR value is needed. This value is determined by the maxi- 
mum allowable output ripple voltage, typically 1% to 2% of 
the output voltage. But if the selected capacitor’s ESR is 
extremely low, there is a possibility of an unstable feedback 
loop, resulting in an oscillation at the output. Using the ca- 
pacitors listed in the tables, or similar types, will provide 
design solutions under all conditions. 


If very low output ripple voltage (less than 15 mV) is re- 
quired, refer to the section on Output Voltage Ripple and 
Transients for a post ripple filter. 


An aluminum electrolytic capacitor’s ESR value is related to 
the capacitance value and its voltage rating. !|n most cases, 
Higher voltage electrolytic capacitors have lower ESR val- 
ues (see Figure 714). Often, capacitors with much higher 
voltage ratings may be needed to provide the low ESR val- 
ues required for low output ripple voltage. 


The output capacitor for many different switcher designs 
often can be satisfied with only three or four different capac- 
itor values and several different voltage ratings. See the 
quick design component selection tables in Figures 3 and 4 
for typical capacitor values, voltage ratings, and manufac- 
turers capacitor types. 


Electrolytic capacitors are not recommended for tempera- 
tures below — 25°C. The ESR rises dramatically at cold tem- 
peratures and typically rises 3X @ —25°C and as much as 
10X at — 40°C. See curve shown in Figure 75. 

Solid tantalum capacitors have a much better ESR spec for 


cold temperatures and are recommended for temperatures 
below —25°C. 
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TYPICAL ESR @ 25°C 
FOR LOW ESR SERIES 
ELECTROLYTIC CAPACITORS 


CAPACITOR ESR @ 25°C (mo) 





0 10° 20 30 40 50 60 70 


CAPACITOR VOLTAGE RATING (V) 
TL/H/12439-—29 
FIGURE 14. Capacitor ESR vs Capacitor Voltage Rating 
(Typical Low ESR Electrolytic Capacitor) 


CATCH DIODE 


Buck regulators require a diode to provide a return path for 
the inductor current when the switch turns off. This must be 
a fast diode and must be located close to the LM2594 using 
short leads and short printed circuit traces. 


Because of their very fast switching speed and low forward 
voltage drop, Schottky diodes provide the best perform- 
ance, especially in low output voltage applications (5V and 
lower). Ultra-fast recovery, or High-Efficiency rectifiers are 
also a good choice, but some types with an abrupt turnoff 
characteristic may cause instability or EMI problems. Ultra- 
fast recovery diodes typically have reverse recovery times 
of 50 ns or less. Rectifiers such as the 1N4001 series are 
much too slow and should not be used. 


500 
100 TYPICAL ESR OF 
120 uF 25V LOW ESR 
300 ELECTROLYTIC CAPACITOR 
—~ 200 
CG 
= 
a Es 
% =100 
99 Tan 
fs a el i 
[are 
60 | —] 





aan 
see eae are 
-20 0 20 40 60 80 


TEMPERATURE (°c) 
TL/H/12439-30 
FIGURE 15. Capacitor ESR Change vs Temperature 


INDUCTOR SELECTION 


All switching regulators have two basic modes of operation; 
continuous and discontinuous. The difference between the 
two types relates to the inductor current, whether it is flow- 
ing continuously, or if it drops to zero for a period of time in 
the normal switching cycle. Each mode has distinctively dif- 
ferent operating characteristics, which can affect the regula- 
tors performance and requirements. Most switcher designs 
will operate in the discontinuous mode when the load cur- 
rent is low. 

The LM2594 (or any of the Simple Switcher family) can be 


used for both continuous or discontinuous modes of opera- 
tion. 


Application Information (Continued) 


In many cases the preferred mode of operation is the con- 
tinuous mode. It offers greater output power, lower peak 
switch, inductor and diode currents, and can have lower out- 
put ripple voltage. But it does require larger inductor values 
to keep the inductor current flowing continuously, especially 
at low output load currents and/or high input voltages. 


To simplify the inductor selection process, an inductor se- 
lection guide (nomograph) was designed (see Figures 5 
through 8). This guide assumes that the regulator is operat- 
ing in the continuous mode, and selects an inductor that will 
allow a peak-to-peak inductor ripple current to be a certain 
percentage of the maximum design load current. This peak- 
to-peak inductor ripple current percentage is not fixed, but is 
allowed to change as different design load currents are se- 
lected. (See Figure 16.) 


a 
7 SS 


. 0.1 0.2 0.3 0.4 0.5 
MAXIMUM LOAD CURRENT (A) 


9 5 


INDUCTANCE 
REGION 





Alp (% OF MAX DESIGN LOAD CURRENT) 


: TL/H/12439-31 
FIGURE 16. (Aljjp) Peak-to-Peak Inductor Ripple Current 
(as a Percentage of the Load Current) vs Load Current 


By allowing the percentage of inductor ripple current to in- 
crease for low load currents, the inductor value and size can 
be kept relatively low. 


When operating in the continuous mode, the inductor cur- 
rent waveform ranges from a triangular to a sawtooth type 
of waveform (depending on the input voltage), with the aver- 
age value of this current waveform ecual to the DC output 
load current. 


Inductors are available in different styles such as pot core, 
toroid, E-core, bobbin core, etc., as well as different core 
materials, such as ferrites and powdered iron. The least ex- 
pensive, the bobbin, rod or stick core, consists of wire 
wrapped on a ferrite bobbin. This type of construction 
makes for a inexpensive inductor, but since the magnetic 
flux is not completely contained within the core, it generates 
more Electro-Magnetic Interference (EMI). This magnetic 
flux can induce voltages into nearby printed circuit traces, 
thus causing problems with both the switching regulator op- 
eration and nearby sensitive circuitry, and can give incorrect 
scope readings because of induced voltages in the scope 
probe. Also see section on Open Core Inductors. 

The inductors listed in the selection chart include ferrite 
E-core construction for Schott, ferrite bobbin core for Renco 
and Coilcraft, and powdered iron toroid for Pulse Engineer- 
ing. . 
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Exceeding an inductor’s maximum current rating may cause 
the inductor to overheat because of the copper wire losses, 
or the core may saturate. If the inductor begins to saturate, 
the inductance decreases rapidly and the inductor begins to 
look mainly resistive (the DC resistance of the winding). This 
can cause the switch current to rise very rapidly and force 
the switch into a cycle-by-cycle current limit, thus reducing 
the DC output load current. This can also result in overheat- 
ing of the inductor and/or the LM2594. Different inductor 
types have different saturation characteristics, and ‘this 
should be kept in mind when selecting an inductor. 


The inductor manufacturers data sheets include current and 
energy limits to avoid inductor saturation. 


DISCONTINUOUS MODE OPERATION 


The selection guide chooses inductor values suitable for 
continuous mode operation, but for low current applications 
and/or high input voltages, a discontinuous mode design 
may be a better choice. It would use an inductor that would 
be physically smaller, and would need only one half to one 
third the inductance value needed for a continuous mode 
design. The peak switch and inductor currents will be higher 
in a discontinuous design, but at these low load currents 
(200 mA and below), the maximum switch current will still be 
less than the switch current limit. 


Discontinuous operation can have voltage waveforms that 
are considerable different than a continuous design. The 
output pin (switch) waveform can have some damped sinus- 
oidal ringing present. (See photo titled; Discontinuous Modo 
Switching Waveforms) This ringing is normal for discontinu- 
ous operation, and is not caused by feedback loop instabili- 
ties. In discontinuous operation, there is a period of time 
where neither the switch or the diode are conducting, and 
the inductor current has dropped to zero. During this time, a 
small amount of energy can circulate between the inductor 
and the switch/diode parasitic capacitance causing this 
characteristic ringing. Normally this ringing is not a problem, 
unless the amplitude becomes great enough to exceed the 
input voltage, and even then, there is very little energy pres- 
ent to cause damage. 


Different inductor types and/or core materials produce dif- 
ferent amounts of this characteristic ringing. Ferrite core in- 
ductors have very little core loss and therefore produce the 
most ringing. The higher core loss of powdered iron induc- 
tors produce less ringing. If desired, a series RC could be 
placed in parallel with the inductor to dampen the ringing. 
The computer aided design software Switchers Made Sim- 
ple (version 4.1) will provide all component values for con- 
tinuous and discontinuous modes of operation. 
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FIGURE 17. Post Ripple Filter Waveform 
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OUTPUT VOLTAGE RIPPLE AND TRANSIENTS 


The output voltage of a switching power supply operating in 
the continuous mode will contain a sawtooth ripple voltage 
at the switcher frequency, and may also contain short volt- 
age spikes at the peaks of the sawtooth waveform. 


The output ripple voltage is a function of the inductor saw- 
tooth ripple current and the ESR of the output capacitor. A 
typical output ripple voltage can range from approximately 
0.5% to 3% of the output voltage. To obtain low ripple volt- 
age, the ESR of the output capacitor must be low, however, 
caution must be exercised when using extremely low ESR 
capacitors because they can affect the loop stability, result- 
ing in oscillation problems. If very low output ripple voltage 
is needed (less than 15 mV), a post ripple filter is recom- 
mended. (See Figure 2.) The inductance required is typically 
between 1 wH and 5 pH, with low DC resistance, to main- 
tain good load regulation. A low ESR output filter capacitor 
is also required to assure good dynamic load response and 
ripple reduction. The ESR of this capacitor may be as low as 
desired, because it is out of the regulator feedback loop. 
The photo shown in Figure 17 shows a typical output ripple 
voltage, with and without a post ripple filter. 


When observing output ripple with a scope, it is essential 
that a short, low inductance scope probe ground connection 
be used. Most scope probe manufacturers provide a special 
probe terminator which is soldered onto the regulator board, 
preferable at the output capacitor. This provides a very 
short scope ground thus eliminating the problems associat- 
ed with the 3 inch ground lead normally provided with the 
probe, and provides a much cleaner and more accurate pic- 
ture of the ripple voltage waveform. 


The voltage spikes are caused by the fast switching action 
of the output switch and the diode, and the parasitic induc- 
tance of the output filter capacitor, and its associated wiring. 
To minimize these voltage spikes, the output capacitor 
should be designed for switching regulator applications, and 
the lead lengths must be kept very short. Wiring inductance, 
stray capacitance, as well as the scope probe used to eval- 
uate these transients, all contribute to the amplitude of 
these spikes. 


When a switching regulator is operating in the continuous 
mode, the inductor current waveform ranges from a triangu- 
lar to a sawtooth type of waveform (depending on the input 
voltage). For a given input and output yoltage, the peak-to- 
peak amplitude of this inductor current waveform remains 
constant. As the load current increases or decreases, the 
entire sawtooth current waveform also rises and falls. The 
average value (or the center) of this current waveform is 
equal to the DC load current. 


If the load current drops to a low enough level, the bottom 
of the sawtooth current waveform will reach zero, and the 
switcher will smoothly change from a continuous to a dis- 
continuous mode of operation. Most switcher designs (irre- 
gardless how large the inductor value is) will be forced to 
run discontinuous if the output is lightly loaded. This is a 
perfectly acceptable mode of operation. 
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INDUCTOR RIPPLE CURRENT (mA p-p) 


MAXIMUM LOAD CURRENT (A) 
TL/H/12439-33 
FIGURE 18. Peak-to-Peak Inductor 
Ripple Current vs Load Current 


In a switching regulator design, knowing the value of the 
peak-to-peak inductor ripple current (Aljjp) can be useful 
for determining a number of other circuit parameters. Pa- 
rameters such as, peak inductor or peak switch current, 
minimum load current before the circuit becomes discontin- 
uous, output ripple voltage and output capacitor ESR can all 
be calculated from the peak-to-peak Aljjyp. When the induc- 
tor nomographs shown in Figures 5 through 8 are used to 
select an inductor value, the peak-to-peak inductor ripple 
current can immediately be determined. The curve shown in 
Figure 18 shows the range of (Aljjp) that can be expected 
for different load currents. The curve also shows how the 
peak-to-peak inductor ripple current (Alijp) changes as you 
go from the lower border to the upper border (for a given 
load current) within an inductance region. The upper border 
represents a higher input voltage, while the lower border 
represents a lower input voltage (see Inductor Selectio 
Guides). 
These curves are only correct for continuous mode opera- 
tion, and only if the inductor selection guides are used to 
select the inductor value 


Consider the following example: 
Vout = 5V, maximum load current of 300 mA 
Vin = 15V, nominal, varying between 11V and 20V. 


The selection guide in Figure 6 shows that.the vertical line 
for a 0.3A load current, and the horizontal line for the 15V 
input voltage intersect approximately midway between the 
upper and lower borders of the 150 ,H inductance region. A 
150 ,H inductor will allow a peak-to-peak inductor current 
(AliNp) to flow that will be a percentage of the maximum 
load current. Referring to Figure 78, follow.the 0.3A line 
approximately midway into the inductance region, and read 
the peak-to-peak inductor ripple current (Aljjp) on the left 
hand axis (approximately 150 mA p-p). 


As the input voltage increases to 20V, it approaches the 
upper border of the inductance region, and the inductor rip- 
ple current increases. Referring to the curve in Figure 78, it 
can be seen that for a load current of 0.3A, the peak-to- 
peak inductor ripple current (Aljnp) is 150 mA with 15V in, 
and can range from 175 mA at the upper border (20V in) to 
120 mA at the lower border (11V in). 





Application Information (continued) 


Once the Aljnp value is known, the following formulas can 
be used to calculate additional information about the switch- 
ing regulator circuit. 


1. Peak Inductor or peak switch current 


Al 0. 
= (‘oro + Sine) = (02a + “1s ) = 0.375A 


2. Minimum load current before the circuit becomes discon- 
tinuous 


3. Output Ripple Voltage = (Alijp) <(ESR of Coyt) 


= 0.150AX0.2409 =36 mV p-p 
or 


4. ESRofCoyy = Output Ripple Voltage (AVouT) 


Alinp 





OPEN CORE INDUCTORS 


Another possible source of increased output ripple voltage 
or unstable operation is from an open core inductor. Ferrite 
bobbin or stick inductors have magnetic lines of flux flowing 
through the air from one end of the bobbin to the other end. 
These magnetic lines of flux will induce a voltage into any 
wire or PC board copper trace that comes within the induc- 
tor’s magnetic field. The strength of the magnetic field, the 
orientation and location of the PC copper trace to the mag- 
netic field, and the distance between the copper trace and 
the inductor, determine the amount of voltage generated in 
the copper trace. Another way of looking at this inductive 
coupling is to consider the PC board copper trace as one 
turn of a transformer (secondary) with the inductor winding 
as the primary. Many millivolts can be generated in a copper 
trace located near an open core inductor which can cause 
stability problems or high output ripple voltage problems. 


If unstable operation is seen, and an open core inductor is 
used, it’s possible that the location of the inductor with re- 
spect to other PC traces may be the problem. To determine 
if this is the problem, temporarily raise the inductor away 
from the board by several inches and then check circuit 
operation. If the circuit now operates correctly, then the 
magnetic flux from the open core inductor is causing the 
problem. Substituting.a closed core inductor such as a tor- 
roid or E-core will correct the problem, or re-arranging the 
PC layout may be necessary. Magnetic flux cutting the IC 
device ground trace, feedback trace, or the positive or neg- 
ative traces of the output capacitor should be minimized. 


Sometimes, locating a trace directly beneath a bobbin in- 
ductor will provide good results, provided it is exactly in the 
center of the inductor (because the induced voltages cancel 
themselves out), but if it is off center one direction or the 
other, then problems could arise. If flux problems are pres- 
ent, even the direction of the inductor winding can make a 
difference in some circuits. 


This discussion on open core inductors is not to frighten the 
user, but to alert the user on what kind of problems to watch 
out for when using them. Open core bobbin or “stick” induc- 
tors are an inexpensive, simple way of making a compact 
efficient inductor, and they are used by the millions in many 
different applications. 


7-153 


THERMAL CONSIDERATIONS 


The LM2594 is available in two packages, an 8-pin through 
hole DIP (N) and an 8-pin surface mount SO-8 (M). Both 
packages are molded plastic with a copper lead frame. 
When the package is soldered to the PC board, the copper 
and the board are the heat sink for the LM2594 and the 
other heat producing components. 


For best thermal performance, wide copper traces should 
be used and all ground and unused pins should be soldered 
to generous amounts of printed circuit board copper, such 
as a ground plane (one exception to this is the output 
(switch) pin, which should not have large areas of copper). 
Large areas of copper provide the best transfer of heat (low- 
er thermal resistance) to the surrounding air, and even dou- 
ble-sided or multilayer boards provide a better heat path to 
the surrounding air. Unless power levels are small, sockets 
are not recommended because of the added thermal resist- 
ance it adds and the resultant higher junction temperatures. 


Package thermal resistance and junction temperature rise 
numbers are all approximate, and there are many factors 
that will affect the junction temperature. Some of these fac- 
tors include board size, shape, thickness, position, location, 
and even board temperature. Other factors are, trace width, 
printed circuit copper area, copper thickness, single- or dou- 
ble-sided, multilayer board, and the amount of solder on the 
board. The effectiveness of the PC board to dissipate heat 
also depends on the size, quantity and spacing of other 
components on the board. Furthermore, some of these 
components such as the catch diode will add heat to the PC 
board and the heat can vary as the input voltage changes. 
For the inductor, depending on the physical size, type of 
core material and the DC resistance, it could either act as a 
heat sink taking heat away from the board, or it could add 
heat to the board. 


DIP-8 PACKAGE 
500 mA LOAD 
4 in? COPPER 
25°C STILL AIR 





JUNCTION TEMPERATURE RISE ABOVE AMBIENT (°c) 


INPUT VOLTAGE (V) 
TL/H/12439-35 


Circuit Data for Temperature Rise Curve (DIP-8) 


Through hole electrolytic 
Through hole, Schott, 100 »H 


Through hole, 1A 40V, Schottky 


4 square inches single sided 2 oz. copper 
(0.0028” ) 


PC board 


FIGURE 19. Junction Temperature Rise, DIP-8 
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S0=8 PACKAGE 

| |500 mA LOAD 
4 in? COPPER 
25°C STILL AIR 





JUNCTION TEMPERATURE RISE ABOVE AMBIENT (°C) 


INPUT VOLTAGE (V) 
TL/H/12439-34 


PC board 4 square inches single sided 2 oz. copper 
(0.0028" ) 


FIGURE 20. Junction Temperature Rise, SO-8 


The curves shown in Figures 19 and 20 show the LM2594 
junction temperature rise above ambient temperature with a 
500 mA load for various input and output voltages. This data 
was taken with the circuit operating as a buck switcher with 
all components mounted on a PC board to simulate the 
junction temperature under actual operating conditions. This 
curve is typical, and can be used for a quick check on the 
maximum junction temperature for various conditions, but 
keep in mind that there are many factors that can affect the 
junction temperature. 
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FIGURE 21. Delayed Startup 
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2N3904 


aay TL/H/12439-37 
FIGURE 22. Undervoltage Lockout 
for Buck Regulator 
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DELAYED STARTUP 


The circuit in Figure 27 uses the the ON/OFF pin to provide 
a time delay between the time the input voltage is applied 
and the time the output voltage comes up (only the circuitry 
pertaining to the delayed start up is shown). As the input 
voltage rises, the charging of capacitor C1 pulls the 
ON/OFF pin high, keeping the regulator off. Once the input 
voltage reaches its final value and the. capacitor stops 
charging, and resistor Ro pulls the ON/OFF pin low, thus 
allowing the circuit to start switching. Resistor Ry is included 
to limit the maximum voltage applied to the ON/OFF pin 
(maximum of 25V), reduces power supply noise sensitivity, 
and also limits the capacitor, C1, discharge current. When 
high input ripple voltage’ exists, avoid long delay time, be- 
cause this ripple can be coupled into the ON/OFF pin and 
cause problems. 


This delayed startup feature is useful in situations where the 
input power source is limited in the amount of current it can 
deliver. It allows the input voltage to rise to a higher voltage 
before the regulator starts operating. Buck regulators re- 
quire less input current at higher input voltages. 


UNDERVOLTAGE LOCKOUT 


Some applications require the regulator to remain off until 
the input voltage reaches a predetermined voltage. An un- 
dervoltage lockout feature applied to a buck regulator is 
shown in Figure 22, while Figures 23 and 24 applies the 
same feature to an inverting circuit. The circuit in Figure 23 
features a constant threshold voltage for turn on and turn 
off (zener voltage plus approximately one volt). If hysteresis 
is needed, the circuit in Figure 24 has a turn ON voltage 
which is different than the turn OFF voltage. The amount of 
hysteresis is approximately equal to the value of the output 
voltage. If zener voltages greater than 25V are used, an 
additional 47 kQ resistor is needed from the ON/OFF pin to 
the ground pin to stay within the 25V maximum limit of the 
ON/OFF pin. 


INVERTING REGULATOR 


The circuit in Figure 25 converts a positive input voltage to a 
negative output voltage with a common ground. The circuit 
operates by bootstrapping the regulators ground pin to the 
negative output voltage, then grounding the feedback pin, 
the regulator senses the inverted output voltage and regu- 
lates it. , 
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TL/H/12439-38 


This circuit has an ON/OFF threshold of approximately 13V. 
FIGURE 23. Undervoltage Lockout 
for Inverting Regulator 
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This circuit has hysteresis 
Regulator starts switching at Vij = 13V 
Regulator stops switching at Vij = 8V 
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FIGURE 24. Undervoltage Lockout with Hysteresis for Inverting Regulator 


DI 
1N5818 


INPUT VOLTAGE 
+4,5V to +20V 


Gy 


— 68 »F/25V Tant. Sprague 595D 
120 pF/35V Elec. Panasonic HFQ 

Cout — 22 »F/20V Tant. Sprague 595D 

39 »F/16V Elec. Panasonic HFQ 


Cin 





FEEDBACK 






D3 
1N4001 


-5V 
OUTPUT 
TL/H/12439-40 


FIGURE 25. inverting —5V Regulator with Delayed Startup 


This example uses the LM2594-5 to generate a —5V out- 
put, but other output voltages are possible by selecting oth- 
er output voltage versions, including the adjustable version. 
Since this regulator topology can produce an output voltage 
that is either greater than or less than the input voltage, the 
maximum output current greatly depends on both the input 
and output voltage. The curve shown in Figure 26 provides 
a guide as to the amount of output load current possible for 
the different input and output voltage conditions. 


The maximum voltage appearing across the regulator is the 
absolute sum of the input and output voltage, and this must 
be limited to a maximum of 40V. For example, when con- 
verting +20V to —12V, the regulator would see 32V be- 
tween the input pin and ground pin. The LM2594 has a max- 
imum input voltage spec of 40V. 


Additional diodes are required in this regulator configuration. 
Diode D1 is used to isolate input voltage ripple or noise from 
coupling through the Ciy capacitor to the output, under light 
or no load conditions. Also, this diode isolation changes the 
topology to closley resemble a buck configuration thus pro- 
viding good closed loop stability. A Schottky diode is recom- 
mended for low input voltages, (because of its lower voltage 
drop) but for higher input voltages, a fast recovery diode 
could be used. 


Without diode D3, when the input voltage is first applied, the 
charging current of Cj, can pull the output positive by sever- 
al volts for a short period of time. Adding D3 prevents the 
output from going positive by more than a diode voltage. 
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MAXIMUM LOAD CURRENT (mA) 





INPUT VOLTAGE (V) 
TL/H/12439-41 
FIGURE 26. Inverting Regulator Typical Load Current 


Because of differences in the operation of the inverting reg- 
ulator, the standard design procedure is not used to select 
the inductor value. In the majority of designs, a 100 H, 1A 
inductor is the best choice. Capacitor selection can also be 
narrowed down to just a few values. Using the values shown 
in Figure 25 will provide good results in the majority of in- 
verting designs. 


This type of inverting regulator can require relatively large 
amounts of input current when starting up, even with light 
loads. Input currents as high as the LM2594 current limit 
(approx 0.8A) are needed for at least 2 ms or more, until the 
output reaches its nominal output voltage. The actual time 
depends on the output voltage and the size of the output 
capacitor. Input power sources that are current limited or 
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sources that can not deliver these currents without getting 
loaded down, may not work correctly. Because of the rela- 
tively high startup currents required by the inverting topolo- 
gy, the delayed startup feature (C1, Ry and Re) shown in 


Figure 25 is recommended. By delaying the regulator start- - 


up, the input capacitor is allowed to charge up to a higher 
voltage before the switcher begins operating. A portion of 
the high input current needed for startup is now supplied by 
the input capacitor (Cj). For severe start up conditions, the 
input capacitor can be made much larger than normal. 


4V --- 
P OFF SHUTDOWN 


ON INPUT 


R4 6.2k 
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INVERTING REGULATOR SHUTDOWN METHODS 


To use the ON/OFF pin in a standard buck configuration is 
simple, pull it below 1.3V (@25°C, referenced to ground) to 
turn regulator ON, pull it above 1.3V to shut the regulator 
OFF. With the inverting configuration, some level shifting is 
required, because the ground pin of the regulator is no long- 
er at ground, but is now setting at the negative output volt- 
age level. Two different shutdown methods for inverting reg- 
ulators are shown in Figures 27 and 28. 
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OUTPUT 
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FIGURE 27. Inverting Regulator Ground Referenced Shutdown 
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OFF INPUT 


FIGURE 28. Inverting Regulator Ground Referenced Shutdown using Opto Device 
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Application Information (continued) 
TYPICAL SURFACE MOUNT PC BOARD LAYOUT, FIXED OUTPUT (2X SIZE) 
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REGULATED - 
OUTPUT VOLTAGE 


TL/H/12439-44 
Cin — 10 pF, 35V, Solid Tantalum 
AVX, ‘TPS series” 


Court — 100 pF, 10V Solid Tantalum 
AVX, "TPS series” 


D1 — 1A, 40V Schottky Rectifier, 
surface mount 
Lt — 100 pH, L20, Coilcraft D033 


TYPICAL SURFACE MOUNT PC BOARD LAYOUT, ADJUSTABLE OUTPUT (2X SIZE) 


+ 






DC INPUT VOLTAGE 


Cour 
gj | 100/10 REGULATED 
+ 


.—— OUTPUT VOLTAGE 
+ 


TL/H/12439-45 
Cin © — 10 pF, 35V, Solid Tantalum 
AVX, “TPS series” 
Cout — 100 pF, 10V Solid Tantalum 
AVX, “TPS series” 


Di — 1A, 40V Schottky Rectifier, surface 
mount 
L1  — 100 pH, L20, Coilcraft D033 
Ri —1k0n,1% : Bete ae 
Ro ° — Use formula in Design Procedure 


Cr — See Figure 4. 
FIGURE 29. PC Board Layout 
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LM3420 


AV rational Semiconductor 


LM3420-4.2, -8.4, -12.6, -16.8 


Lithium-lon Battery Charge Controller 


General Description 


The LM3420 series of controllers are monolithic integrated 
circuits designed for charging and end-of-charge control for 
Lithium-lon rechargeable batteries. The LM3420 is available 
in four fixed voltage versions for one through four cell charg- 
er applications (4.2V, 8.4V, 12.6V and 16.8V respectively). 


Included in a very small package is an (internally compen- 
sated) op amp, a bandgap reference, an NPN output tran- 
sistor, and voltage setting resistors. The amplifier’s inverting 
input is externally accessible for loop frequency compensa- 
tion. The output is an open-emitter NPN transistor capable 
of driving up to 15 mA of output current into external 
circuitry. 

A trimmed precision bandgap reference utilizes temperature 
drift curvature correction for excellent voltage stability over 
the operating temperature range. Available with an initial tol- 
erance of 0.5% for the A grade version, and 1% for the 
standard version, the LM3420 allows for precision end-of- 
charge control for Lithium-lon rechargeable batteries. 


' The LM3420 is available in a sub-miniature 5-lead SOT23-5 


surface mount package thus allowing very compact de- 
signs. , 


Features 

m Voltage options for charging 1, 2, 3 or 4 cells 
@ Tiny SOT23-5 package . 

@ Precision (0.5%) end-of-charge control 

u Drive capability for external power stage 

m Low quiescent current, 85 pA (typ.) 


Applications 

@ Lithium-lon battery charging 

mw Suitable for linear and switching regulator charger de- 
signs 


Typical Application and Functional Diagram 


1.25 


iw ee 
LIM Rum 


Input Heat Sink 


Voltage 


+13V to 
+20V 


Typical Constant Current/Constant Voltage 


Li-ion Battery Charger 


ICHARGE 
—~ 


+ 2 cell 
Li-lon 


Ry, 75k for 4.2V 
181k for 8.4V 
287k for 12.6V 
392k for 16.8V 

TL/H/12359-2 


LM3420 Functional Diagram 


TL/H/12359-1 


Connection Diagrams and Order Information 


5-Lead Small Outline Package (M5) 


TL/H/12359~3 
Top View 


Actual Size 
*No internal connection, but should be soldered 
qf to PC board for best heat transfer. 


TL/H/12359=-4 


For Ordering Information 
See Figure 7 |n this Data Sheet 
See NS Package Number MA05A 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, ESD Susceptibility (Note 3) 
please contact the National Semiconductor Sales | Human Body Model - 4500V 


Office/Distributors for availability and specifications. See AN-450 “Surface Mounting Methods and Their Effect 
Input Voltage V(IN) 20V on Product Reliability” for methods on soldering surface- 
Output Current 20 mA mount devices. 


Junction Temperature 150°C : . 

Storage Temperature —65°C to + 150°C Operating Ratings (notes 1 and 2) 

Lead Temperature Ambient Temperature Range -40°C < Ta s +85°C 
Vapor Phase (60 seconds) + 215°C Junction Temperature Range —40°C s Ty < +125°C 


Infrared (15 seconds) + 220°C Output Current 15mA 
Power Dissipation (Ta = 25°C) (Note 2) 300 mW 


LM3420-4.2 


Electrical Characteristics 
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tem- 
perature Range. Unless otherwise specified, V(IN) = VReg, Vout = 1.5V. 


Typical LM3420A-4.2 | LM3420-4.2 Units 
Symbol Parameter Conditions ncaa Limit Limit Limit 
(Note 5) (Note 5) Eimits) 


Regulation Voltage Yv 
4.221/4.242 | 4.242/4.284 V(max) 
4.179/4.158 | 4.158/4.116 V(min) 


Regulation Voltage | lout = 1mA +$0.5/+4 +$1/+2 %(max) 
Tolerance 
Quiescent Current | lout = 1mA 
110/115 125/150 eae 
Transconductance | 20pA<loyTs1mMA mA/mV 
Alout/AVREG VouT = 2V 1.3/0.75 1.0/0.50 mA/mvV(min) 
1mA < lout < 15mA mA/mV 

Vout = 2V 3.0/1.5 2.5/1.4 mA/ as 

Voltage Gain 1V s Vout Ss Vrec — 1.2V(- 1.3) 1000 

AVout/AVREG R,, = 2002 (Note 6) 550/250 450/200 vt 

1V < Vout $ Vrec — 1.2V (— 1.3) 

Rr = 2k 1500/9G0 1000/700 ie 
Output Saturation V(IN) = Vaeg +100 mV 0 V 
(Note 7) louT = 15 mA 1.2/1.3 1.2/1.3 V(max) 
Output Leakage V(IN) = Vreg ~— 100 mV 0.1 pA 
Current Vout = OV 0.5/1.0 0.5/1.0 pA(max) 
Internal Feedback 75 kn 
Resistor (Note 8) k(max) 

kN (min) 
Output Noise lout = 1 mA, 10 Hz < f < 10 kHz 
Voltage | ie ae 
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LM3420-8.4 
Electrical Characteristics 


Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tem- 


perature Range. Unless otherwise specified, V(IN) = Vaea, Vout = 1-5V. 


. Typical | LM3420A-8.4 | LM3420-8.4 
Symbol Parameter Conditions’ ypica Limit Limit 


(Note 4) | (Note 5) (Note 5) 


VREG .Regulation Voltage | lout = 1MmA_ .- 
8.442/8.484 | 8.484/8.568 
. 8.358/8.316 | 8.316/8.232 
Tolerance 
Quiescent Current | loyt = 1mMA 
110/115 125/150 


1mA < lout < 15 mA 
Vout = 6V 


Transconductance | 20 pA < IoytT < 1 mA 
Alout/AVrREG VouT =6V | 1.3/0.7 1.0/0.50 mA/mvV(min) 


8.4 

3.3 

4 
VoltageGain . | 1V < Vout < VagG — 1.2V(—1.3) | 1000 
AVout/AVREG RL = 4702 (Note 6) 550/250 450/200 

' + | 4V <Vour < Vacg — 1.2V(—1.3) 
Ri = 5k 1500/900 1000/700 

Output Saturation | V(IN) = Vacq +100 mV 1.0 
(Note 7) lout = 15mA 1.2/1.3 1.2/1.3 
Output Leakage V(IN) = Vaeg — 100 mV 0.1 
Current Vout = OV 0.5/1.0 0.5/1.0 





Internal Feedback 181 
Resistor (Note 8) ‘ 227 227 
135 135 
Output Noise lout = 1mA, 10 Hz < f < 10 kHz 
140 
Voltage 
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; 5 
3.0/1.5 2.5/1 mA/mV(min) 


Units 
(Limits) 


Vv 
V(max) 
V(min) 


% (max) 
pA 
p.A(max) 
mA/mV 


mA/mV 


V/V 
V/V(min) 
V/V 
V/V(min) 
Vv 
V(max) 
pA 
p.A(max) 
ko 
kQ (max) 
kQ (min) 


»VRMS 





LM3420-12.6 
Electrical Characteristics 


Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tem- 


perature Range. Unless otherwise specified, V(IN) = VrReg. Vout = 1.5V. 


Typical 
Symbol Parameter Conditions 
12.663/12.726 | 12.726/12.852 


VREG Regulation Voltage | loyt = 1MA 
12.537/12.474 | 12.474/12.348 

Tolerance 

Iq Quiescent Current | loyt = 1mMA 
110/115 125/150 

Gm Transconductance | 20 pA < Iout < 1mMA 

Alout/AVREG Vout = 10V 1.3/0.75 1.0/0.£ 
1mA < lout < 15mA 
Vout = 10V 3.0/1.5 2.5/1.4 
Ay —__| Voltage Gain 1V < Vout < Vrec — 1.2V (— 1.3) 

AVout/AVREG Ry = 7502 (Note 6) 550/250 450/200 


1V < Vout < Vreg — 1.2V (— 1.3) 
Ry = 10k 1500/8900 1000/700 


VSAT Output Saturation | V(IN) = Vpaeq +100 mV 1.0 

(Note 7) lout = 15mA Poa 2/1.3 era .2/1.3 
IL Output Leakage V(IN) = ae | —100 mV 

Current ae | = 0V 0. hae fe) ere 5/1.0 


Ry Internal Feedback 
Resistor (Note 8) 
of ae 
En, Output Noise lout = 1mA, 10 Hz < f < 10 kHz 
210 
Voltage 















LM3420A-12.6 
Limit 
(Note 5) 






LM3420-12.6 
Limit 
(Note 5) 
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Units 
(Limits) 


Vv 
V(max) 
V(min) 


% (max) 


a 
mA/mV 
mA/mvV(min) 


mA/mvV 
mA/ a 


V/ Cae 
V/V 
V/V(min) 
V 
V(max) 
pA 
pA(max) 
kn 
kQ(max) 
kQ(min) 


BVRMS 
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LM3420-16.8 


Electrical Characteristics 
Specifications with standard type face are for Tj) = 25°C, and those with boldface type Spel over full I Operating Tem- 
perature Range. Unless otherwise specified, V(IN) = Vrec, VouT = 1.5V. 






LM3420A-16.8 






LM3420-16.8 










Units 









Symbol Parameter Conditions Limit Limit (Limits) 
, (Note 5) (Note 5) 
VREG Regulation Voltage | loyt = 1mMA Vv 
16.884/16.968 | 16.968/17.136 V(max) 
16.716/16.632 | 16.632/16.464 V(min) 


Regulation Voltage lout =1mA +£0.5/+4 1/42" 'ee(max) 
Tolerance 
Ig Quiescent Current | loyt = 1mA 
110/115 125/150 ae 
Transconductance | 20 pA < lout < 1mA : x mA/mvV 
Alout/AVREG Vout = 15V 0.8/0.4 - 0.7/0.35 mA/mV(min) 


1mA < lout < 15mA © mA/mV 
Vout = 15V 2.9/0.9 2.5/0.75 mA/mV(min) 





Ay Voltage Gain 1V < Vout < VreG — 1.2V(-—1.3)} 1000 ; V/V 
AVout/AVrREG Ry = 1k2 (Note 6) 550/250 450/200 . V/V(min) 


1V < Vout < VreG — 1.2V (— 1.3) V/V 
Ri = 15k 1200/750 1000/650 V/V(min) 


VSAT Output Saturation | V(IN) = Vaeg + 100 mV ; ve 
(Note 7) lout = 15mA 1.2/1.3 1.2/1.3 V(max) 
IL Output Leakage V(IN) = Vreg — 100 mV _ pA! 
Current Vout = 0V 0.5/1.0 0.5/ 4.0 pA(max) 
Rr Internal Feedback kn 
Resistor (Note 8) kQ(max) 
kN (min) 
En Output Noise lout = 1mA,10Hz < f.< 10 kHz - ., 





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the 
listed test conditions. 


Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), @yq (junction to 
ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is Pomax = (Tumax ~ Ta)/@ya or the 
number given in the Absolute Maximum Ratings, whichever is lower. The typical thermal resistance (834) when soldered to a printed circuit board is approximately 
306°C/W for the M5 package. 


Note 3: The human body model! is a 100 pF capacitor discharged through a 1.5 kf resistor into each pin. 
Note 4: Typical numbers are at 25°C and represent the most likely parametric norm. 


Note 5: Limits are 100% production tested at 25°C. Limits over the operating temperature range are guaranteed through correlation using Statistical Quality Control 
(SQC) methods. The limits are used to calculate National’s Averaging Outgoing Quality Level (AOQL). 


Note 6: Actual test is done using equivalent current sink instead of a resistor load. 
Note 7: Vsat = V(IN) — Vout, when the voltage at the IN pin is forced 100 mV above the nominal regulating voltage (Vr_g). 
Note 8: See Applications and Curves sections for information on this resistor. 
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Typical Performance Characteristics 
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4.2V Response Time ‘Response Time — 
Bode Plot : for 4.2V Version for 4.2V Version 
60 10V 10V 
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Typical Performance Characteristics (Continued) 


Regulation Voltage vs 
Output Voltage and 
Load Resistance ~ 


a | 


4.203 


REGULATION VOLTAGE -(V) 

> 

\ 

| INS 
A 
= 
ae | 
seal 





OUTPUT VOLTAGE (V) 
TL/H/12359-29 


Regulation Voltage vs 
Output Voltage and 
Load Resistance 

06 


- REGULATION VOLTAGE (V) 





OUTPUT VOLTAGE (V) 
TL/H/12359~32 


Regulation Voltage vs 
Output Voltage and 


’ Load Resistance 
12.612 






12.608 

R £7509 y | 
peste ang 1b || 
“tise 
12.600 Le HT [R= t0Ka }-40°c | 
BERR 2ZERE 


8 10 12 14 16 
OUTPUT VOLTAGE (V) 
TL/H/12359~35 


REGULATION VOLTAGE (V) 
r) 
a 
° 
ae 


Regulation Voltage vs 
Output Voltage and 
Load Resistance 


jimsazo-ve.8| | | | | 
Pe a ale! a 

-40°C, R= 1k Y || 
BEneD- Are 
~ eee Lt 


, 16,830 







16,820 


REGULATION VOLTAGE (V) 
a 
ao 
3 


0 2 4 6 8 10 12 14 16 18 
OUTPUT VOLTAGE (V) 
TL/H/12359-~38 


QUIESCENT CURRENT (2A) 


REGULATION VOLTAGE CHANGE (%) 


Circuit Used for 
Bode Plots 





= TL/H/12359~30 


Quiescent Current 
0 





50 
-50 -25 0 25 50 75 100 125 
JUNCTION TEMPERATURE (°C) 
TL/H/12359-33 


Normalized 
Temperature Drift 





-0.5 
“50 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE (°C) 
TL/H/12359-36 
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Circuit Used for 
Response Time: 





NORMALIZED RESISTANCE 


SATURATION VOLTAGE (V) 


—_. TL/H/12359-31 


Internal Feedback 
Resistor (Rf) 


Tempco 
1.2 T T T 


T 
Normalized at 25°C. 















0.9 
750 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE (°C) 
TL/H/12359-34 


Output Saturation 
Voltage (Vsar) 
2 





"50 “25 0 2 SO 75 100 125 
JUNCTION TEMPERATURE (°C) 
TL/H/12359-37 


Five Lead Surface Mount Package Information 


The small SOT23-5 package allows only 4 alphanumeric characters to identify the product. The table below contains the field 
information marked on the package. 


| 


OcreWT 






. 2 

B (Standard) | LM3420M5-8.4 D038 | 250 unit increments on tape and reel 

B (Standard) | LM3420M5x-8.4 D038 | 3k unit increments on tape and reel 
12.6V A (Prime) LM3420AM5-12.6 DO4A 250 unit increments on tape and reel 


4 
- 






| 
B (Standard) 


FIGURE 1. SOT23-5 Marking : 


The first letter “‘D” identifies the part as a Driver, the next two numbers indicate the voltage, “02” for a 4.2V part, “03” for a 8.4V 
part, “04” for a 12.6V part, and “05” for a 16.8V part. The fourth letter indicates the grade, “B” for standard grade, ‘‘A”’ for the 
prime grade. 

The SOT23-5 surface mount package is only available on tape in quantity increments of 250 on tape and reel (indicated by the 
letters ‘‘M5” in the part number), or in quantity increments of 3000 on tape and reel (indicated by the letters ‘‘M5X” in the part 
number). 
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Product Description 


The LM3420 is a shunt regulator specifically designed to be 
the reference and control section in an overall feedback 
loop of a Lithium-lon battery charger. The regulated output 
voltage is sensed between the IN pin and GROUND pin of 
the LM3420. If the voltage at the IN pin is less than the 
LM3420 regulating voltage (Vaeq), the OUT pin sources no 
current. As the voltage at the IN pin approaches the VpeG 
voltage, the OUT pin begins sourcing current. This current is 
then used to drive a feedback device, (opto-coupler) or a 
power device, (linear regulator, switching regulator, etc.) 
which servos the output voltage to be the same value as 
VREG: 

In some applications, (even under. normal operating condi- 
tions) the voltage on the IN pin can be forced above the 


Vreg voltage. In these instances, the maximum voltage ap-" 


plied to the IN pin should not exceed 20V. In addition, an 
external resistor may.be required on the OUT pin to limit the 
maximum current to 20 mA. 


Compensation 


The inverting input of the error amplifier is brought out to 
allow overall closed-loop compensation. In many of the ap- 
plications circuits shown here, compensation is provided by 
a single capacitor (Cc) connected from the compensation 
pin to the out pin of the LM3420. The capacitor values 
shown in the schematics are adequate under most condi- 
tions, but they can be increased or decreased depending on 
the desired loop response. Applying a load pulse to the out- 
put of a regulator circuit and observing the resultant output 
voltage response is an easy method of determining the sta- 
bility of the control loop. 


100 











1N4148 


Op-amp 
LM6218 (dual) 
4V = +30,-5 


Voyr Set 


(Voltage Range from 


-V 


Analyzing more complex feedback loops a additional 
information. 


The formula for AC gain: at a frequency (f) is as se 


Z;(f 
Gain (f) ={+— AW 
Re 
where Z; (f) = ! 
i je2refeCc 


where Ry ~ 75 kO for the 4.2V part, Ry ~ 181 kM for the 
8.4V part, Rp ~ 287 kQ for the 12.6V part, and Ry ~ 392 kN 
for the 16.8V part. 


The resistor (Rf) in the formula is an internal resistor located 
on the die. Since this resistor value will affect the phase 
margin, the worst case maximum and minimum values are 
important when analyzing closed loop stability. The mini- 
mum and maximum room temperature values of this resistor 
are specified in the Electrical Characteristics section of this 


.data sheet, and a curve showing the temperature coefficient 


is shown in the curves section. Minimum valies of Ry result 
in lower phase margins. 


Test Circuit 


_ The test circuit shown in Figure 2 can be used to measure 


and verify various LM3420 parameters. Test conditions are 
set by forcing the appropriate voltage at the Vout Set test 
point and selecting the appropriate Ry or Ioyt as specified 
in the Electrical Characteristics section. Use a DVM at the 
“measure” test points to read the data. 


Measure 
VREG 


LM3420 


Pace Device 
Under 


Test 


100 pA/V 


TL/H/12359-7 


FIGURE 2. LM3420 Test Circuit 


Vrec External Voltage Trim 

The regulation voltage (VReG) of the LM3420 can be exter- 
nally trimmed by adding a single resistor from the COMP. 
pin to the +iN pin or from the COMP. pin to the GND pin, 


depending on the desired trim direction. Trim adjustments _ 


up to +10% of VreG can be realized, with only a small 
increase in the temperature coefficient. (See temperature 
coefficient curve shown below) 


Normalized Temperature Drift with 
Output Externally Trimmed 





REGULATION VOLTAGE CHANGE (%) 
i= 





“12 
“50 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE (°C) 


TL/H/12359-8 
FIGURE 3 


Rincrease 


Ruecrease 





TL/H/12359-9 
Increasing VraeG 


_ FIGURE 4 


TL/H/12359-10 
Decreasing Vrec 


Formulas for selecting trim resistor values are shown below. 


For LM3420-4.2 
22 x 105 


R SSS 
increase % increase 
' 53 x 105 
= —————__ - 75 x 103 
Rudecrease % decrease 
For LM3420-8.4 | 
a _ 26 x 105 
increas@ “" % increase’ 
154 x 105 : 
——————_ — 181 x 103 


Rae = 
decrease ““ &% decrease . 





Input Heat Sink 


Voltage 


+13V to 
+20V 








For LM3420-12.6 
Rinsoace = 20-10% 
increase % increase’ 
259 x 105 
Rdecrease = % decrease _ apa 
For LM3420-16.8 
. _ 29 x 105 
increase " % increase’ 
364 x 105 
Rdecrease = ye 


% decrease 


Application Information 


The LM3420 regulator/driver provides the reference and 
feedback drive functions for a Lithium-lon battery charger. It 
can be used in many different charger configurations using 
both linear and switching topologies to provide the precision 
needed for charging Lithium-lon batteries safely and effi- 
ciently. Output voltage tolerances better than 0.5% are pos- 
sible without using trim pots or precision resistors. The cir- 
cuits shown are designed for 2 cell operation, but they can 
readily be changed for either 1, 3 or 4 cell charging applica- 
tions. 


One item to keep in mind when designing with the LM3420 
is that there are parasitic diodes present. In some designs, 
under special electrical conditions, unwanted currents may 
flow. Parasitic diodes exist from OUT to IN, as well as from 
GROUND to IN. In both instances the diode arrow is pointed 
toward the IN pin. 


Application Circuits 

The circuit shown in Figure 5 performs constant-current, 
constant-voltage charging of two Li-lon cells. At the begin- 
ning of the charge cycle, when the battery voltage is less 
than 8.4V, the LM3420 sources no current from the OUT 
pin, keeping Q2 off, thus allowing the LM317 Adjustable 
voltage regulator to operate as a constant-current source. 
(The LM317 is rated for currents up to 1.5A, and the LM350 
and LM338 can be used for higher currents.) The LM317 
forces a constant 1.25V across R 1, thus generating a con- 
stant current of of 


1.25V 
LIM > 
Rum 
1.25 
R1 10k 7 iy i 
ICHARGE 
_—_ 


TL/H/12359=1 


FIGURE 5. Constant Current/Constant Voltage Li-Ion Battery Charger 
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Application Circuits (continued) 


Heat Sink 


V+ 
9.4V to 20V 





TL/H/12359-11 


FIGURE 6. Low Drop-Out Constant Current/Constant Voltage 2-Cell Charger 


Transistor'Q1 provides a disconnect between the battery 
and the LM3420 when the input voltage is removed. This 
prevents the 85 wA quiescent current of the LM3420 from 
eventually discharging the battery. In this application Q1 is 
used as a low offset saturated switch, with the majority of 
the base drive current flowing through the collector and 
crossing over to the emitter as the battery becomes fully 
charged. It provides a very low collector to emitter satura- 
tion voltage (approximately 5 mV). Diode D1. is also used to 
prevent the battery current from flowing through the LM317 
regulator from the output to the input when the DC input 
voltage is removed. 


As the battery charges, its voltage begins to rise, and is 
sensed at the IN pin of the LM3420. Once the.battery volt- 
age reaches 8.4V, the LM3420 begins to regulate and starts 
sourcing current to the base of Q2. Transistor Q2 begins 
controlling the ADJ. pin of the LM317 which begins to regu- 
late the voltage across the battery and the constant voltage 
portion of the charging cycle starts. Once the charger is in 
the constant voltage mode, the charger maintains a regulat- 
ed 8.4V across the battery and the charging current is de- 
pendent on the state of charge of the battery. As the cells 
approach a fully charged condition, the charge current falls 
to a very low value. 


Figure 6 shows a Li-lon battery charger that features a drop- 
out voltage of less than one volt. This charger is a constant- 
current, constant-voltage charger (it operates in constant- 
current mode at the beginning of the charge cycle and 
switches over to a constant-voltage mode near the end of 
the charging cycle). The circuit consists of two basic feed- 
back loops. The first loop controls the constant charge cur- 
rent delivered to the battery, and the second determines the 
final voltage across the battery. 


With a discharged battery connected to the charger, (bat- 
tery voltage is less than 8.4V) the circuit begins the charge 
cycle with a constant charge current. The value of this cur- 
rent is set by using the reference section of the LM10C to 
force 200 mV across R7 thus causing approximately 100 pA 
of emitter current to flow through Q1, and approximately 
1 mA of emitter current to flow through Q2. The collector 
current of Q1 is also approximately 100 A, and this current 
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flows through R2 developing 50 mV across it. This 50 mV is 
used as a reference to develop the constant charge current 
through the current sense resistor R1. 


The constant current feedback loop operates as follows. 
Initially, the emitter and collector current of Q2 are both 
approximately 1 mA, thus providing gate drive to the MOS- 
FET Q3, turning it on. The output of the LM301A op-amp is 
low. As Q3’s current reaches 1A, the voltage across R1 
approaches 50 mV, thus canceling the 50 mV drop across 
R2, and causing the op-amp’s output to start going positive, 
and begin sourcing current into R8. As more current is 
forced into R8 from the op-amp, the collector current of Q2 
is reduced by the same amount, which decreases the gate 
drive to Q3, to: maintain a constant 50 mV across the 0.050 
current sensing resistor, thus maintaining a constant 1A of 
charge current. 


The current limit loop is stabilized by compensating the 
LM301A with C1 (the standard frequency compensation 
used with this op-amp) and C2, which is additional compen- 
sation needed when D3 is forward biased. This helps speed 
up the response time during the reverse bias of D3. When 
the LM301A output is low, diode D3 reverse biases and 
prevents the op-amp from pulling more current through the 
emitter of Q2. This is important when the battery voltage 
reaches 8.4V, and the 1A charge current is no longer need- 
ed. Resistor R5 isolates the LM301A feedback node at the 
emitter of Q2. 


The battery voltage is sensed and buffered by the op-amp 
section of the LM1i0C, connected as a voltage follower driv- 
ing the LM3420. When the battery voltage reaches 8.4V, the 
LM3420 will begin regulating by sourcing current into R8, 
which controls the collector current of Q2, which in turn re- 
duces the gate voltage of Q3 and becomes a constant volt- 
age regulator for charging the battery. Resistor R6 isolates 
the LM3420 from the common feedback node at the emitter 
of Q2. If R5 and R6 are omitted, oscillations could occur 
during the transition from the constant-current to the con- 
stant-voltage mode. D2 and the PNP transistor input stage 
of the LM10C will disconnect the battery from the charger 
circuit when the input supply voltage is removed to prevent 
the battery from discharging. 


Application Circuits (continueg) 


V+ 
11V to 30V 


OGG 
D1 C11470 
INS818 THF 


Dual Op Amp 


1N4148 


TL/H/12359-12 
FIGURE 7. High Efficiency Switching Regulator 
Constant Current/Constant Voltage 2-Cell Charger 


A switching regulator, constant-current, constant-voltage 
two-cell Li-lon battery charging circuit is shown in Figure 7. 
This circuit provides much better efficiency, especially over 
a wide input voltage range than the linear topologies. For a 
1A charger an LM2575-ADJ. switching regulator IC is used 
in a standard buck topology. For other currents, or other 
packages, other members of the SIMPLE SWITCHER® 
buck regulator family may be used. 


Circuit operation is as follows. With a discharged battery 
connected to the charger, the circuit operates as a constant 
current source. The constant-current portion of the charger 
is formed by the loop consisting of one half of the LM358 op 
amp along with gain setting resistors R3 and R4, current 
sensing resistor R5, and the feedback reference voltage of 
1.23V. Initially the LM358’s output is low causing the output 
of the LM2575-ADJ. to rise thus causing some charging cur- 
rent to flow into the battery. When the current reaches 1A, it 
is sensed by resistor R5 (50 mM), and produces 50 mV. This 
50 mV is amplified by the op-amps gain of 25 to produce 
1.23V, which is applied to the feedback pin of the LM2575- 
ADJ. to satisfy the feedback loop. 


Once the battery voltage reaches 8.4V, the LM3420 takes 
over and begins to control the feedback pin of the LM2575- 
ADJ. The LM3420 now regulates the voltage across the bat- 
tery, and the charger becomes a constant-voltage charger. 
Loop compensation network R6 and C3 ensure stable oper- 
ation of the charger circuit under both constant-current and 
constant-voltage conditions. If the input supply voltage is 
removed, diode D2 and the PNP input stage of the LM358 
become reversed biased and disconnects the battery to en- 
sure that the battery is not discharged. Diode D3 reverse 
biases to prevent the op-amp from sinking current when the 
charger changes to constant voltage mode. 


The minimum supply voltage for this charger is approxi- 
mately 11V, and the maximum is around 30V (limited by the 
32V maximum operating voltage of the LM358). If another 
op-amp is substituted for the LM358, make sure that the 
input common-mode range of the op-amp extends down to 
ground so that it can accurately sense 50 mV. R11 is includ- 
ed to provide a minimum load for the switching regulator to 
assure that switch leakage current will not cause the output 
to rise when the battery is removed. 
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V+ 
10V to 15V 


Dual Op Amp 
1N4148 


TL/H/12359-13 
FIGURE 8. Low Dropout Constant Current/Constant 
Voltage Li-lon Battery Charger 


The circuit in Figure 8 is very similar to Figure 7, except the 
switching regulator has been replaced with a low dropout 
linear regulator, allowing the input voltage to be as low as 
10V. The constant current and constant voltage control 
loops are the same as the previous circuit. Diode D2 has 
been changed to a Schottky diode to provide a reduction in 
the overall dropout voltage of this circuit, but Schottky di- 
odes typically have higher leakage currents than a standard 
silicon diode. This leakage current could discharge the bat- 
tery if the input voltage is removed for an extended period of 
time. 


Another variation of a constant current/constant voltage 
switch mode charger is shown in Figure 9. The basic feed- 
back loops for current and voltage are similar to the previ- 
ous Circuits. This circuit has the current sensing resistor, for 
the constant current part of the feedback loop, on the posi- 
tive side of the battery, thus allowing a common ground 
between the input supply and the battery. Also, the 
LMC7101 op-amp is available in a very small SOT23-5 
package thus allowing a very compact pc board design. Di- 
ode D4 prevents the battery from discharging through the 
charger circuitry if the input voltage is removed, although 
the quiescent current of the LM3420 will still be present 
(approximately 85 yA). 


IC1-LMC7101 





TL/H/12359-14 
FIGURE 9. High Efficiency Switching Charger 
with High Side Current Sensing 


OPE 





LM3420 


Application Circuits (Continued) 


V+ 
11¥ to 30V 


1M 
1N4148 2R10 
THRESH. 


Hs 


LM555 
1C2 


FIGURE 10. (Fast) Pulsed Constant Current 2-Cell Charger 


A rapid charge Lithium-Ion battery charging circuit is shown 
in Figure 10. This configuration uses a switching regulator to 
deliver the charging current in a series of constant current 
pulses. At the beginning of the charge cycle (constant-cur- 
rent mode), this circuit performs identically to the previous 
LM2575 charger by charging the battery at a constant cur- 
rent of 1A. As the battery voltage reaches 8.4V, this charger 
changes from a constant continuous current of 1A to a 5 
second pulsed 1A. This allows the total battery charge time 
to be reduced considerably. This is different from the other 
charging circuits that switch from a constant current charge 
to a constant voltage charge once the battery voltage 
reaches 8.4V. After charging the battery with 1A for 5 sec- 
onds, the charge stops, and the battery voltage begins to 
drop. When it drops below 8.4V, the LM555 timer again 
starts the timing cycle and charges the battery with 1A for 
another 5 seconds. This cycling continues with a constant 5 
second charge time, and a variable off time. In this manner, 
the battery will be charged with 1A for 5 seconds, followed 
by an off period (determined by the battery’s state of 
charge), setting up a periodic 1A charge current. The off 
time is determined by how long it takes the battery voltage 
to decrease back down to 8.4V. When the battery first 
reaches 8.4V, the off time will be very short (1 ms or less), 


RQ RESET 
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1N4001 


In 910k 8.4V 
LM3420 ; a 
=8.4 (0.1 pF inion 
IC3 
GND 
50 mV 
0.050 
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but when the battery approaches full charge, the off time will 
begin increasing to tens of seconds, then minutes, and 
eventually hours. 


The constant-current loop for this charger and the method 
used for programming the 1A constant current is identical to 
the previous LM2575-ADJ. charger. In this circuit, a second 
LM3420-8.4 has its Vpaeq increased by approximately 
400 mV (via R2), and is used to limit the output voltage of 
the charger to 8.8V in the event of a bad battery connection, 
or the battery is removed or possibly damaged. ° 


The LM555 timer is connected as a one-shot, and is used to 
provide the 5 second charging pulses. As long as the bat- 
tery voltage is less than the 8.4V, the output of IC3 will be 
held low, and the LM555 one-shot will never fire (the output 
of the LM555 will be held high) and the one-shot will have 
no effect on the charger. Once the battery voltage exceeds 
the 8.4V regulation voltage of IC3, the trigger pin of the 
LM555 is pulled high, enabling the one shot to begin timing. 
The charge current will now be pulsed into the battery at a 5 
second rate, with the off time determined by the battery’s 
state of charge. The LM555 output will go high for 5 sec- 
onds (pulling down the collector of Q1) which allows the 1A 
constant-current loop to contro! the circuit. 


Application Circuits (continued) 





9V-12V 
DC Source Heat Sink Q2 

with * 
Current 
Limit 

R5 320k 
D5 
10V 


6A Schottky 


TL/H/12359-16 


FIGURE 11. MOSFET Low Dropout Charger 


Figure 11 shows a low dropout constant voltage charger 
using a MOSFET as the pass element, but this circuit does 
not include current limiting. This circuit uses Q3 and a 
Schottky diode to isolate the battery from the charging cir- 
cuitry when the input voltage is removed, to prevent the 
battery from discharging. Q2 should be a high current (0.22) 
FET, while Q3 can be a low current (22) device. 
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Note: Although the application circuits shown here 
have been built and tested, they should be thoroughly 
evaluated with the same type of battery the charger will 
eventually be used with. 


Different battery manufacturers may use a slightly dif- 
ferent battery chemistry which may require different 
charging characteristics. Always consult the battery 
manufacturer for information on charging specifica- 
tions and battery details, and always observe the manu- 
facturers precautions when using their batteries. Avoid 
overcharging or shorting Lithium-ion batteries. 
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AD vational Semiconductor 


NCL354 . 
Cordless Telephone IC 


General Description 


The NCL354 combines a high performance, dual conversion 
superheterodyne VHF radio receiver with the audio process- 
ing functions required to build a full featured narrow band 
FM cordiess telephone system. Superior RF sensitivity, 
combined with advanced audio channel signal pre-empha- 
sis/de-emphasis and compression/expansion processing, 
creates a high performance communications system with 
excellent noise characteristics and wide dynamic range. 
The built-in receive signal strength indicator (RSSI) allows 
for easy identification of channels which are not suitable for 
use or monitoring of the signal strength on the selected 
channel. A built-in phase locked loop (PLL) discriminator 
provides for low distortion demodulation of signals which 
have a wide dynamic range while eliminating the need for 
external adjustments. A microphone expander circuit reduc- 
es the transmitted background noise during silent periods, 
and enhanced power supply management techniques ex- 
tend battery life. The audio portion includes digitally select- 
ed analog switches which allow the designer to easily incor- 
porate speaker-phone and intercom features. 


NCL354 Block Diagram 


16 15 14 12 


1X 
PHASE 


DETECT 


SYNTHESIZER Voc/ 
RF CONTROL 





PRELIMINARY 


Features 
m Low supply voltage 
m Dual conversion receiver 
@ Companded audio channel 
m Microphone expander 
g@ PLL discriminator 
@ Receive signal strength indicator for channel selection 
m Highly selective filter for data reception 
m Speaker phone and intercom capabilities 
g@ Universal transmit and receive frequency synthesizers 
m Battery saving features: a 

—Icc = 50 pA in standby state 

—Icc = 5.5 mA in sniff mode 

—Icc = 13 mA in communication mode 
a Available in 56-pin TSSOP package 
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, Synthesizer GND 


Demodulator Buffer Out | DMDOUT I 
| 


1.0 Pin;Names and Functions 


VCCRF 


24 


RF Power VCORE | 


RF Ground 


Audio Power 


Synthesizer Power 


Demodulator Buffer In IDMDIN | 
Demodulator Loop Fitter] OMDFILT-| | 5 | 
Serer en ie eae 


Expander Input | |EXPIN . | [82 | 


JDeemphasisin ——|.DEEMIN | 

Deemphasis Out. [DeEMoUT | -_| 54 
Datariterin  |orIN | 
JoataFiterout —|orour_ | | 58 
DataSicer out [xDaTA_| | 55 


Chip Select cs Active Hi, 31 
yp ae *’’ | CMOS Levs ; 


isi | cMostevs_| 30 
Serial Clock CLKIN | CMOSLevs_ | 29 | 
ClockOut’ >. .{cLKouT | cMos_Levs | 28 | 


RovMuT . |cmostevs_| 22 | 


HybTXAMp +Out__|HyTxoTP | | 49 | 


Frequency Synthesizer. =. . 

The frequency synthesizer architecture (shown in Figure 7) 
uses two phase-locked loops to generate transmit and re- 
ceive mix frequencies for most country channels; including 
US (25ch), China, Spain, France, Korea, New Zealand, U.K., 
Netherlands,. and “Australia. The frequencies are pro- 
grammed through the microprocessor serial interface and a 
on board ROM. The 2nd LO and reference divider provides 
the reference frequencies for both transmit and receive 
loops. This synthesizer contains separate: 14-bit dividers 


and phase detectors for each loop. In addition, the varactor’ 
for the 1st LO is on chip-with two pins for connection to an ~ 


external tank circuit. - 


c 
3 
= 
oO 
a 


- | Receive Loop Phase Det | RXPD 


spKpHAx | | 45 

fHypxouT | | at | 
pees 
ene dl 


Speakerphone RX 
Hybrid RX Amp Out 
Hybrid AX Amp —In . 

Hybrid RX Amp +In | 39 | 
Mic Expander Filter Cap | MEXPCAP | Cox = 0.4 pF | 42 | 
int. Reference Bypass | IREFBYP_| Ca = 0.1 pF |'10| 


[Preemphasis—in_[preemin | + | 36, 
‘ Preemphasis Out ; PREEMOT Pw | BF 


Compressor Output ~ COMPOUT ee ell ag 


| Compressor Filter Cap, .| COMPCAP | Coxt = 2.2 pF 
' | Compressor ErrorCap | CPERCAP Cot = 1m | 35 
oe LOW 3] es ar 


c- 
—_ 


O 


< 
2 
Q 
- 
o 
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Limiter tin 

ter “In 
Limiter Bypass 
[RSS| 
LOZIN | 
LOZOUT CMOS Levs 


Mixer1 RF In1 
Mixer1 RF In2 
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[TransmitLoop PhaseDet|TxPO | |-28 
fTransmitRF in. =| TXRFIN, | at 
roman P88 


Power Management 


To maximize battery life, the NCL354 handset has 2 power 
down modes of operation. In Standby mode, all power is 
turned off except for the data registers so that logic control 
states are preserved. Power down is done in a-manner that 
preserves the charge in all external capacitors. This mini- 
mizes the cycle time needed to restore operation, and elimi- 
nates the current needed to recharge the capacitors. Stand- 
by current is < 50 yA. In Sniff mode only those circuits 
needed to detect an incoming ring signal are turned on. This 
includes the RF section, Receive Synthesizer, and Data de- 
tector. In this mode, supply current is < 5.5 mA. 





1.0 Pin Names and Functions (continue) 


10.24 MHz © 


RX : 
PHASE DET” 


™m . 
PHASE DET 


} sma enrace/eeosren } sma enrace/eeosren 


. TL/W/12474-2 
FIGURE 1. Block Diagram of Serial Interface and epantianey Synthesizer: 


2.0 Receiver System Characteristics (1st and 2nd IF Mixers, Limiter, RSSI, and PLL) 
Ta = 25°C, RF Vcc = 3.3 Voc, fo = 50 MHz, A fo = +1.0 kHz, C Message Weight, fmod = 1.0 kHz 


Characteristic Conditions aa ae 


RF Input for 12 dB SINAD Measured @ Deemphasis Out ; 
Matched Input, w/C-message wean 
RF Vcc 23.0Vpc - 


eee 
_BWoemoo | DemodulationBanawitn | ft tf 


Ultimate Quieting Measured @ Deemphasis Out 
w/C-message Weighting 
fmod = 1 kHz 
fdev = 1 kHz 


AM to PM Conversion Measured @ Deemphasis Out 
RF = —60 dBm, AM = 30% 
fmod = 1 kHz , 
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3.0 Electrical Specifications 
3.1 ABSOLUTE MAXIMUM RATINGS 


|__Symbol_| Characteristic | Maximum | Units | 
| RFVoc | RFSuppyVotage | 55 | Yoo 
| AUDIO Voc | Audio SuppyVotage | 55 | Voc | 

| 50 |e 


Junction Temperature 
Storage Temperature ‘| —50to +150 





3.2 RECOMMENDED OPERATING CONDITIONS 


symbol | Characteristic | Min, | Typ 
RFVoo | _RFSuppyVotage | tT 
AUDIOVos | _AudioSupply Voltage (Base) | 3.0 | 
AUDIOVoc | __AudioSupply Voltage (Handset) | 8.0 | 
TA | Ambient Operating TemperatureRange | 30 | +25 | 
Fre | RFinputFrequency | | 
Fin | MaximumistiF | ter 
Fi | Maximumandie | ts 


3.3 RECEIVER CHARACTERISTICS (1st and 2nd IF Mixers, Limiter, RSSI, and PLL) ~ 
Ta = 26°C, RF Voc = 3.3 Voc, fo = 50 MHz, Afo = +1.0 kHz, C Message Weight, fmog = 1.0 kHz 


Characteristic Conditions | Min | Typ © 
No Input Signal, RF Voc Enabled | | 42 | 
No Input Signal, RF Voc Disabled | |_ 20 | 100 


3.3.1 1st Mixer Characteristics Ta = 25°C, RF Vcc = 3.3 Voc, fre = 50 MHz, fio = 40 MHz 


, Characteristic Conditions | min | Typ | Max | 


1st Mixer Conversion Voltage Gain Loaded by 3300. 
; fr¢ = 50 MHz 11 
fio = 40 MHz 


yp 
+80 
49 


— 
o 
~N 


Zoutist 1st Mixer Output Impedance fo-= 10 MHz Ff p90, | 
Zinist 1st Mixer RF Input Impedance fre = 50 MHz | fk | 


Vnistm 1st Mixer Input Noise Voltage Referenced to 1st Mixer Input nV/VHz 
as an Amplifier 


| istMixerLO Output Feedthrough | Measured @ 1st Mixer Output | 

| istMixerLO InputFeedthrough | Measured @istMixerinput_ | | 28 | 
| istMixerSrdOrderintercept____|_ReferencedtotstMixerinput_| | 30 | 
| istMixer 1dB Compression Point] ReferencedtotstMixerinput | | 10 | 





3.0 Electrical Specifications (Continued) 
3.3.2 2nd Mixer Characteristics Ta = 25°C, RF Voc = 3.3 Voc, frp. = 10.695 MHz, fig = 10.24 MHz 


Symbol ‘ Characteristic Conditions | min | Typ | Max | Units 
ZinRF2nd | 2nd Mixer RF Input impedance ft = 10.695 MHz | =| 390 | Tl 
Zout2nd 2nd Mixer Output Impedance fo = 455 kHz Po ka 


GMC2 2nd Mixer Conversion Voltage Gain Loaded by 1.5 kN 
. frp = 10.695 MHz 15 dB 
fio = 10.24 MHz 


ZinLO2nd 2nd Mixer LO Input Impedance fio = 10.24 MHz | 2K | | 10} 


Vn2ndM 2nd Mixer Noise Voltage Referenced to 2nd Mixer Input 
ee as an Amplifier nv/VHz 


[2nd MixerLO Output Feedthrough | Measured @ 2ndMixerOutput_ | | 40 | |B 

| 2nd Mixer LO Input Feedthrough | Measured@ 2ndMixerinput_ {| | 40 | | dB 

_2nd Mi ae se 
ees re ee 





IP3m2 2nd Mixer 3rd Order Intercept Referenced to 2nd Mixer Input mVrms 
2nd Mixer 1 dB Compression Point Referenced to 2nd Mixer Input 


mVrms 


3.3.3 Limiter Characteristics Ta = 25°C, RF Vcc = 3.3 Voc, fo = 455 kHz 


Conditions | Min | typ _| 
|_LimitervottageGain || 
[Limiter InputNoise Voltage | _ReferencedtoLimiterinput_ | | 20 | 
| Limiter OutputVotageswing |) || 00 
| Limiter—aaBeandwatn | Tk 
|_LimiterSensitvity | Fori2dBsinadepeour | | 2s | | 


3.3.4 RSSI Characteristics Ta = 25°C, RF Vcc = 3.3 Voc, fo = 455 kHz 


Characteristic ‘Conditions | Min | 


| tye | Max 
RSSI Dynamic Range 
(Logarithmic Response) 













dB 
nV/VHz 





SENSImt 






DRRSSI 





RSSI Voltage Output -. Limiter in = 10 pVrms 
Limiter in = 10 mVrms 1.2 


| RssiattackTime | | 
| RssiDecayTime | | 00 


3.3.5 PLL Demodulator Characteristics : 
Ta = 28°C, Audio Voc = 3.3 Voc, fo = 455 kHz, Afo = +£1.0 kHz, C Message Weight, fmog = 1.0 kHz - 


[charasersic | _onations [wn [Tye | wax_| 
[veoean | CST td 
| mresanawcercan [+t [|e |__| 
[pu opentoopcan |i idee | 
[veo cenierFreqwency | Gpentoop | oe [ass | sa _| 
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3.0 Electrical Specifications (continued) honk Gling gt ee ome ag age ges 
3.4 AUDIO CHARACTERISTICS Ta = 25°C, Audio Vo¢6 = 3.6 Voc’ 


[reac onan er 
[| Draincurent_ {| teca ft | 
| DrainGurent | toca» | | 20 | 10 
ae canes ae eee ae 
| AudioSwitchisolation | Isr.is7 | 65 | | 
tenement 



















Audio Voc Enabled 
Audio Vcc Disabled 


From Enable Transition 








ri 


3.4.1 Compressor Characteristics Ta = 25°C, Audio ce 3. 6 me 


Symbol ee en ee ee ee Units 
THD | TotalHarmonic Distortion [Vins Vimax@thHz’ | | os | 10 | 
Goo fos vw=sonvme § [as [oo [as [as 
ica | AtackTime™ | Gop GomPoaP=aanF || 6 || 
tos | DecayTime | Goo,compcap=22uF | | 22 | ms 
Gr | GainTrackingLinearty | 11dB>Go>-200n | 2 | |e | 
Paw | PowerBandwidth | UnityGain | to te 
DRIN es ee TT dB 
DRout Cutt ByaieRerge fap} fs _ dB 
virnax ee ee ee Vep 
Vomax |Voo-20| Voo-16 | | Vpp 


flo Low Frequency Roll-Off Gor) = Gc(1 kHz) — 3 dB, 
ce ~- ieee ='1.0 pF “Hz 


th High Frequency RolL OM ae adi kHz) — 3.dB | kHz 








3.4.2 Expander Characteristics Ta = 25°C, Audio Voc = 3.6 Voc 


Symbol_ Characteristic ee Units 
THD Total Harmonic Distortion Vo < Vomax @ 1 kHz a ee ee % 





Vomax Maximum Output Voltage Swing | fo = 1 kHz ry eo ae Vpp 
flo -- Low Frequency Roll-Off Gor) = Gc(1 kHz) — 3 dB ec 


fri High Frequency Roll-Off Gor) = Gc(1 kHz) — 3 dB Poe 4 
Vin = Gco 


| 180 |e 


Geo | odBGain | n= 90mvims | -75 | -6 | 45 | a 
tea _| AttackTime | Geo expcap=22ur | | ta || 
tes ___| DecayTime | Geo expcap=22ur | | a2 || 
Gr___| Gain TrackingLinearty | 1148 >Ge>-2008 | -2 | | te | 
PEW suniyGain | tote 
ORIN aco ONSET Ba ETE a8 
DRout }CupubyramicRange “_f_____| mw |_| _s1e_ Et 
Vimax | MaximuminputVotageSwing | fo=tkHz || Von 04 | Veo 16 | Ver 

| aro 

| Low Frequency Rolko | 


x= 
- 
N 


3.0 Electrical Specifications (Continued) 
3.4.3 Deemphasis Filter Op Amp Characteristics Ty, = 25°C, Audio Vcc = 3.6 Voc 


; Characteristic Conditions 
_|_ Open Loop Gain aad 


PSETON 


Gain-Bandwidth Product _ We ee 
Maximum Input Voltage Swing Act = 10dB 


Maximum Output Voltage Swing Act = 10dB 
’ Input Bias Current by oe. all 


Requiv Equivalent External DC 
. Resistance for Minimal Input 
Offset to Expander 


3.4.4 TX Amplifier Characteristics Ta = 25°C 


| Characteristic | Conditions |__ win | typ | Max _ | 
POpentoopGan ss SSC~dSC(‘(C;C*;*rLOCOC~*‘*SCOCOCDS CS 
| Gain-Bandwidth Product | | | tT 
FTowaisirion SS SSSC=*d tae | CY st 
Handset Application, Inductive Earpiece, Audio Vcc = 3.6 Voc 7 ee 
| Maximum Input Voltage Swing (istAmp) | fo=4kHz | || Vico ~ 166 | 
| Maximum Output Voltage Swing (istAmp) | fo=akrz | Voc-20 {| | 
| Maximum input Voltage Swing (2nd Amp) | fo=akkz | | | Vcc ~ 186 
| Maximum Output Voltage Swing (and Amp) | fo=4kHz | Voc-20 | | 
| Ditferential Ended Outputtoad =| | 
Handset Application, Ceramic Earpiece, Audio Vcc = 3.6 Voc 

| Maximum inputVoltage Swing(tstAmp) | fo=4kHz | | 
| Maximum inputVoltage Swing @ndAmp) | fo=4kHz | | 








dB 






Ao. 



















Maximum Output Voltage Swing (2nd Amp) fo = 4kHz 
Differential Ended Output Load ae ae 






Base Application, Audio Vcc = 5Vpc 


- Vinmax Maximum Input Voltage Swing (1st Amp) fo = 4kHz 
Maximum Output Voltage Swing (1st Amp) 





Maximum Input Voltage Swing (2nd Amp) fo = 4kHz 
Maximum Output Voltage Swing (2nd Amp) fo = 4kHz 
Single Ended Output Load fF 
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3.0 Electrical Specifications (continuea) 
3.4.5 RX Amplifier Characteristics Ta = 25°C, Audio Vcc = 5Vpc 


Typ 

OpentcopGan Sd 

| Gain-Bandwidth Product | 

| ose | 
Maximum Output Voltage Swing’. ae 

| Outputload | 

fey 

Pinputsiescures SSC~‘iSSC“‘CS*rSC(‘*dCC 


3.4.6 Microphone Amplifier/Expander Characteristics Ta = 25°C, Audio Vcc = 3.6 Voc : 


aew | GrinBandwidhPoact | ————S—S—S~dSCSSidC Wt 
a 
=a 
ee 


Vout max ‘Maximum Output Voltage Swing Aci = 20 GB, fo = 4 kHz Voc — 0.4 ee oe Vpp 
Aeuis Closed Loop Gain—High Output | Vo > Vswu, fo = 1 kHz P| a: 
Aci. _ | Closed Loop Gain—Low Output |Vo<Vewifo=ikHz | | a: 
Vswi Low Gain Switching Output Voltage | 90% offinal gain ~ ae a mVrms 
VswH High Gain Switching Output Voltage | 90% offinal gain - eres i ee eee mVrms 
tspATCK Speech Response Attack Time Cext = 0.4 pF, © 100 mVrms 

hos ’ , ms 

90% of final gain 
tsppECY Speech Response Decay Time | Cext = 0.4 pF, @ Vout max 
: : ms 

; ; 90% of final gain ° 

TD’ Total Distortion — | fo = 200 H2~4 kHz | 0s | % 


flow Low Frequency Cut-off Zc_:= ZcLo —3dB ET a Hz 
Zs Sourceimpedance | | | ko 


' | External Resistor Value for Defeat | Handset 75 
ko 
Base 200 


| Gain Switching Threshold ae cee 


3.4.7 Preemphasis Filter Characteristics Ta = 25°C, Audio Vcc = 3.6 Vpc 


Characteristic |_——Gonditions Typ 
1.0 





Gain-Bandwidth Product 
Maximum Input Voltage Swing Act = 0 dB, fo = 4 kHz 


Open Loop Gain eae reaiien ee 
Maximum Output Voltage Swing | AcL_ = 0dB, fo = 4kHz 





fe 
fete a 
 cecedicopcan—idtwaane idTSC*d 
Fier Pte Frequency (~348) | z= Zq0-808 | 
PinputBiascurent TY 


tok 7op | 
ee oe 
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3.0 Electrical Specifications (continued) 
3.4.8 Auxillilary Amplifier Characteristics Ta = 25°C, Audio Voc = 3.6 Voc 


[Characteristic | Testcongiions | wn [twp | wax | 
iomsieedante  fes e  e | 
[ GaintandviahProwe | at 
 wasmuminputVotage Swng | to=ane | +i vo =a | 
wes OutputvotageSwing [Veo=sv | a | id 
omui - pigeae e 

: a ee 

: Ee lees 








Closed Loop Gain 
Total Distortion fo = 4kHz 


3.5 RX Data Slicer Characteristics Ta = 25°C, Audio Vcc = 3.6 Voc 


| Characteristic | Conaitions_ | Min 
| Maximum inputVotage Swing | | 
| OutputVottageLow(ocouy | | 
| OutputVottage High(ocouy | | 0.75 Voo_| ja are | 


Switching Point Vrert Vrert Vrert 
450 mV 500 mV 600 mV 
ise and Fall Time 10%-90% a oe 


90%-10% 
Sink Current Vo=osv | 2 | | 


: [een 
— fo he 
3.6 Serial Interface DC and AC Characteristics Ta = 25°C, Audio Voc = 3.0 Vpc-5.0 Voc, Vss = 0 Vpc 


Symbol | Characteristic _—|___—Gonaitions__—— | min | typ | Max | Units 
| ImputLeakage | Vin=0VtoVoo | 1 | tt | 
Vin | InputHigh Voltage |= 20nA | Voo-09 | | Moo | 
Vu___|_InputLowvottage | w=20na | | | os | 


80%-20% 
fsx | CLK Glock Frequency | | ase] 260 |e 
tswn | cukHightime | | tes 
tx | ctktowtime | tes 
toss |_cSSoupTime | Relatvotoctk | 2 | ns 
un | DatatatchHoldtime | RelativetocSinactve | 5 | | ks 
ts__ | Sisewptime | Relativetocuk | gon | | ns 
ts | SiHoldTime | Retativetocik | goo | | ts 











| typ | Max 
a oe 
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SE 1ON 





NCL354 


Viw___|_ Input Vottage High Pata, Ck 


lin Input Current High - 


su "Setup Time Data to CLK | ata, CLK 


100. 
“tsy | SotupTimeentocik | 
ty | Holdtime Lat ck 
taco | RecoveyTime | | CLK 
tw Input Pulse Width 7 100 


3.0 Electrical Specifications (continued) 
3.7 PLL Synthesizer DC CharacteristicsT, = 25°C, Vcc = 3.6 DC xf 2 


Symbol ‘ Characteristic a | Conditions: | Pin’ | = Min 
Vit Input Voltage Low | Datack,en | 
P| ata, ck En _| 
Pp | KPO, TPD| 
lepsnx._| Phase Detect Sink Current fa [RK PD, TXPD | 
VoLpp Phase Detect Output Voltage Low 


wo Input Current Low 


IPpsRC Phase Detect Source Current 


TRI-STATE® Leakage Current eh. all Rx PD, Tx PD 
Input Capacitance ee ee eae Data,Clk,En 
Output Capacitance | er ae Rx PD, Tx PD 


VoHPD Phase Detect Output Voltage High | .Ippspg = —0.5mA | RxPD, TxPD 
En, CLK. 


and LO Frequency 2 eee ee eee 
Vin=200mVep | 


Tx VCO Input Frequency 


r 8-12 


Fi 


~ Units 


vs 
you 
BA ' 


pA: 
- mA 


mA’ 
Ve 
ve 
nA 


. pF: 


pF. > 
a 
ns 

ns 
ns 

MHz 
MHz 


EL-8 


NCL354 


1615 14 12. 114-8 9 
ONO ©O ©: (2) @) © 


eceouaa Sas 
E 
17 


( ) : 
18 < a 6 






2 


MIXER 
#1 #2 


wane nen nnd 


— oe ges oe 














i | 
| 
PROGRAMMABLE i 
DIVIDER 1. 
20 r to 
[ i 
I ; i ' 
1 1 I 
SYNTHESIZER ' : 
250 ' RF Voc/RF CONTROL i 
| eee eee ee | 
26 a ig 
1 " .t » 
REF DIVIDER AUDIO Voc¢/AUDIO CONTROL 
"4 S6 (5 
1X eee 
230 PHASE : 14 I 92d 1x4 an 94 
DETECT PROGRAMMABLE 1 : $3 S2 $5 
DIVIDER - t (= 
t : 
21Q ' my, Om ) 
I re : 
27 Q) SYNTHESIZER Voc SYNTHESIZER Vec/ 1-) BQ 
\ RF CONTROL! 
24 ae lt GND I 
i 
! _ Ss 
co poe SG ee eee : 
33 © COMPRESSOR RX POWER 
AMP AMP 
hp ane a 
350 5d s7 AMP 
37 MID SUPPLY 
i REF 
36 
1 
PREEMPHASIS (=) 
. FILTER 
Oe Aer = et a, a yee OOO OOO 7-U CmOmU0OULU™C UN CUO 
10 39 40 41 42 43 44 45 46 47 50 


FIGURE 3. NCL354 Block Diagram 





Sustei 






que © Speen © Yopeepen © iene 


DEMOD GND 





1 
1 t 
1 PLL DEMODULATOR DEMOD BUFFER J 
: 


aa ar aa ae rr ea aa ea ae | 


) 51 
J 


C) 52 
I 







EXPANDER 


DEEMPHASIS FILTER 


53 





RX DATA FILTER 









Te 

AMP 4 C) 1 
I 
i 
r C ) 56 
i 
t 
1 
1 55 
; 1 
: I 
1 1 

AUDIO Ve-/RF CONTROL 

: col pPCLK I 
! CONTROL = 
ij 
1 
| 
’ REV MuTE | 

= oe ow oh oe ow = = = 

e@ 
49 29 30 31 32 


54 


TL/W/12474-1 


vSETON 


NCL354 


4.0 NCL354 Serial Interface Timing 









DI 
PRIMARY REG 
PLO 












ADDRESS 
DECODER 


wine — © 


Q0:13 Q14:15 


st 


16-BIT SHIFT REGISTER 
CLK 


Dl 


AUXILIARY REG 
EN 






TL/W/12474-3 


FIGURE 4. Serial Interface 


Serial Interface Timing 





FIRST BIT IN 
Sl 
CLK 
cs . Pie 
EN | : mie 
a a Se 


TL/W/12474-4 
Note: ‘‘EN” is an internal signal that loads the registers. 
“R” is an internal signal that resets the 16-bit shift register. 
An extra clock pulse is required for resetting the shift register when < 16-bits are entered (SNFF mode). 
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4.0 NCL354 Serial Interface Timing (continued) 


Serial Interface Timing—Primary Control Register 





TL/W/12474-5 


CK1-CKO Clock Divider Select 
SW7-SW1 Switch Select (‘1 = switch closed) 


TxM Transmit Mute 
RxM Receive Mute 
APwr Audio Power Switch 


Serial Interface Timing—Auxiliary Control! Register 


St Uf RL ARDY Rex K Rex K Rex2 X Rixt X Reo X Crx2 X Cra Crxo X cos X cds X cd2_X cdi X coo \ 
cs | 


TL/W/12474-6 
Rrx2-Rrx0 Receive Reference Frequency Select 
Rtx2-Rtx0 Transmit Reference Frequency Select 
Crx2-Crx0 Capacitor Select for Receive VCO 
CD4-CDO Carrier Detect Level ; 
RPwr RF Power Switch 


Serial Interface Timing—Receive Divider 





TL/W/12474-7 


Serial Interface Timing—Transmit Divider 





TL/W/12474-8 
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AY national Semiconductor 


8 Lead Ceramic Sidebrazed Dual-in-Line Package 
NS Package Number D08C 


All dimensions are in inches (millimeters) 


suoisuawig jeoiskud 


0.540 
(13.716) 


(12.319) 


MAX 
0.008-0.015 


0.020--0.060 
(0.508-1.524) 
eee | 
(0.203-0.381) 


0.300 O.10020.010 | L byes 


(7.620) (2.540 £0,254) (0.381-0.584) | (3.175) 
REF MIN 





DO8C (REV C) 


20 Lead Ceramic Leadless Chip Carrier, Type Cc 
NS Package Number E20A 


"All dimensions are in inches (millimeters) 


0.200 + 0.005 
(5. oe 20.127) 
45° x 0.015 +0.010 
(0.381 +0.254) 


0.007—0.011 
{0.178 —0.279) 
R TYP 
0.022 —0.028 
(0.559—0.711) 
TYP 


0.063 -0.075 
(1.600 — 1.905) 


(8.890 + 0.203) 


a 


a 


a 0.350 + 0.008 a 


yw 0.045 —0.055 


4 (1.143 1.397) 

DETAIL A TYP ry 0.045 —0.055 

(1. an (1.143 — 1.397) 
TYP 


Top View Side View 


45° x .9.040+0.010 
(1.016 0.254) 
3 PLCS 


Bottom View 


9.003 0.015, 
078) Ff 381) 
MIN rebar onal 

- 0.022° 
10.559) ey wy 0.006. 


MAX TYP (0.152) 
MIN TYP 





Detail A 


E204 (REV Dy 





Physical Dimensions 


8 Lead (0.200” Diameter P.C.) TO-5 Metal Can Package 


NS Package Number H08C 


0,350-0.370 
(8.890 ~9.398) 
DIA 


0.165 —0.185 
(4.191 — 4.699) 


REFERENCE PLANE 
0.035 
0.500 (0.889) 


Me the MAX 


0.029 —0.045 \ 
(0.737 — 1.143) 
0.028 —0.034 


45° EQUALLY 
SPACED 


8 Lead Ceramic Dual-in-Line Package 


NS Package Number J08A 


All dimensions are in inches (millimeters) | 


0.315 —0.335 


(8.001 —8. ie ra 


ees UNCONTROLLED 
I co LEAD DIA 


SEATING PLANE 





EE oots—o.000 
(0.381 — 1.016) 


0.016 0.019 
| |e: Daezoasy AT 


0.195—0.205 DIA 
(4.953 —5.207) P.C. 


0.115 —0.145 
(2.921 — 3.683) 
DIA 


HO8C (REV E) 


All dimensions are in inches 
0.400 MAX 


RO.010 TYP 


0.220 0.310 MAX 
0.291 GLASS 


RO.025 TYP 


0.290 
| 0.320 | 
0.180 


MAX 


BSP SNE 0.310 \_ 0.055 MAX —> 
~N 0.440 >| BOTH ENDS 
0.008 0.018 £ 0.003 TYP 
0.012 "YP r 
0.100 #0.010 TYP 


GLASS 
SEALANT 


F 0.150 
0.125 MIN 
S 0.200 | 


90° + 4° TYP 


JOBA (REV K) 





14 Lead Ceramic Dual-in-Line Package 
NS Package Number J14A 


All dimensions are in inches (millimeters) 
0.785 





= (19.939) 
MAX | 


0.220-0.310 
(5.588-7.874) 





0.290-0.320 0.005 0200, 
TET (0.127) am aus 0.060 +0.005 (5.080) 

MIN SEALANT (1524 +0.127) MAX 9.020-0.060 
‘(0.508—1.524) 









0.180 MA 
(4.572) 
86°94° TYP 















10° MAX - 0.008-0.012 
0.310—0.410 (0.203—0.305) 0.018 40.003 0.08 20.003 | | Le i is5-o200 
(7.874-10.41) 0.098 (0.457 20.076) aoe go 
7.485) (3.175—5.080) 
MAX BOTH ENDS (0.10020.010 = gas 
(2.540 +0.254) G81) 
MIN J14A (REV Q) 


16 Lead Ceramic Dual-in-Line Package 
NS Package Number J16A | 


FF 
0.220-0.310 
[5.59-7.87] 
Jf —— 
0.025 ‘ 
R 


All dimensions are in inches [millimeters] 


R [0.64] 1 8 
0.005- oer he 
({0.13-0.51] 










0.005 


[0.13] 

MIN TYP i 
0.200 
[5.08] 
MAX TYP 


GLASS SEALANT 


0.020-0.060 
[0.51-1.52] YP 


0.150 
[3. giyns TYP 


0.125-0.200 
[3.18-5.08] "YP 


0.080 


[2.03] MAX 

BOTH ENDS 0.018 £0.003 yp 
0.1004 0.010 [0.46 + 0.08] 
[2.5440.25] "YP | | 





J1i6A (REV L) 
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Physical Dimensions 


3 Lead Molded SOT-23, Low Profile 
NS Package Number M03B 


inches 


All dimensions are in —————— 
millimeters 


0.0050 
- al 
















10° NOM 


oo 
oo 
=n 
Om 


2° 
em 


am 
SO 





10° NOM 


M038 (REV E) 


8 Lead (0.150” Wide) Molded Small Outline Package, JEDEC 
NS Package Number M08A 


All dimensions are in inches (millimeters) 


0.189 — 0.197 
(4.800 — 5.004) 







. 0.228 -0.244 













(5.791 —6. 198) 
0.010 MAX 
(0.254) 
ueapNo.1” 7. 2 3 4 Ae 
IDENT 3 
TYP 
0.150 ~0.157 
(3.810 —3.988) 
0.053 —0.069 
0.010-0.020 , 4ge SE 7 
(0.254 —0.508) oo WAX TP : : 0.004—0.010 
ALL LEADS {0.102 —0.254) 


= Eth | SEATING 
PLANE 


0.004 


{0.102} G.014 014 
0,008 = 0.010 ALL LEAD TIPS 0.016 -0.050 (0.356) Thal L = 
0.008 0.008 typ 


0.014 —0.020 Tye 
OPAL IGE (0.406—1.270) _ 0388 0.508) 
Dees (0.203) 203) MOBA {REV H) 


14 Lead (0.150” Wide) Molded Small Outline Package, JEDEC 


NS Package Number M14A 








0.150 —0.157 
(3.810 —3.988) 
0.010 —0.020 “ 
(0.284 -0.508) 
B° MAX TYP 
(= ALL 
0.008 —0.010 i 
(0.203-0.254) 0.016 -0.050 
TYP ALL LEADS 0.004 (0.406 ~ 1.270) 
(0.102) TYP ALL LEADS 
ALL LEAD TIPS : 


All dimensions are in inches (millimeters) 


0.335-0.344 
(8.509 —8.738) 








14°13 «12 ~«11°0¢«10-—S 9 


0.228 -0.244 
{5.791 —6.198) eS 


LEAD NO. 1 4 
IDENT 


0.053 -0.069 
(1.346 — 1.753) 






0.050, —— | 
(1.270) 
TYP 0.008 
(0.203) 'Y? 


SEATING 
PLANE 
0.014 
(0-356) 


14 Lead (0.300” Wide) Molded Small Outline Package, JEDEC 


NS Package Number M14B | 


0.291 —0.299 
(7.391 —7.595) 
0.017 
———- x 45° 
0.009-—0.013 | (0.432) 
(0.229 —0.330) 
8° MAX TYP 
TYP ALL LEADS ALL LEADS 
0.004 - | 0.030 —0.050 
(0.102) (0.762 — 1.270) 
ALL LEAD TYP ALL LEADS 
TIPS 


oF 








0.010 pany 
(0.254) 


0.004 —0.010 
ae 102 —0.254) 





me ape ae 


i 014-0.020 Tye 
(0.356 -0.508) 





M14, (REV Ht) 


All dimensions are in inches (millimeters) 


0.346 — 0.362 


0.394-0.419 
(10.01 — 10.64) 


LEADNO.1 C) 
IDENT 


123 4 5 6 7 
0.027 | ‘ 
(0.686) 


0.093—0.104 
(2.362 — 2.642) 


= 








(1.270) 
TYP 


(8.788 — 9.195) 
14 13 12 1110 9 & 


ae 0.044 
(0.940 — 1.118) 
0.050 Lee 019 ty 
(0.356 —0.483) 356-0. 143) 


0.004 -0.012 


Ea 102 ~ 0.305) 


SEATING 
ye 


M146 (REV 0} 


suoisuawig jeoiskug 


imensions 


Physical D 


16 Lead (0.150” Wide) Molded Small Outline PaCKage;: JEDEC . ot 















NS Package Number M16A | ) 
All dinendonsa are in Finches. (millimeters) 
0.386 —0.394 
(9.804 — 10.00) 
168 #15 #14 «#«13°«12«0«99~«6«910~=«C*@ 
0.228 - 0.244 30° 
(5.791 —6.198) TYP 
LEAD NO.1 
IDENT 0.010 say 
(0.254) 
0.150 —0.157 
(3.810 —3.988) : 
0.010-0.020 8.053 - 0.089 
70.254—0.608) **° «(1.346 = 1.753) 0.004 —0.010 
8° MAX TYP Piet! (0.102 -0.254) 
ms LEADS 
- HES ES ESSE ae SEATING 
“4 ae Me ae |e 
Le 0.008-0.010 0.014 “0.016—0.020 ryp 
(o.203—0.256 2080.24) oan EET eh (0-356) (1.270 (0.358—0.508) 
0.004 TYP ALL LEADS TP 0.008 15 
(0.102) (0.203) M16A (REV H) areon 
ALL LEAD TIPS Bact ye «BS 
5 Lead Molded SOT-23-5 
NS Package Number MAO5A : 
Ait dimensions a are in inches initimotr 
0.016-0.018 
-[o.41-0.46) [YP | 0.075 
7 [1.90] 
0.027 
0.69 
[ 7 ie 
pS Bal 
0.102-0.118 Es 
[2.59-3.00] "YP : 








0.059~-0.070 
[1.50-1.78] 






0.035-0.040 
[0.89-1.02] | 
Oe 0.070-0.080 ; 
I [1.78-2.03] YP 


10° ALL AROUND ~"\ P 
=a | 


0.002-0.005 


[0.05-0.13] ‘YP 







10° ALL AROUND Sagat 
os 0.0035-0.0056 
aniciade [0.089-0.142] 
[2.79-3.05] 











TYP 





0.0375 | | 0.0375 
[0.953] | p.osrs 
LAND PATTERN RECOMMENDATION 


0.028-0.035 
[0.71-0.90] 


.039-0.051 
0.99- 1.30] 


Cm. 


0.021-0.026 
[0.53-0. eel 


MAOSA (REV D) 


28 Lead (0.350” Wide) Molded Small Outline Package 
NS Package Number MA28A 


All dimensions are in inches [millimeters] 


0.004 
0.714 eSiook : : : i 
0.1 ‘ : ‘ : 
[18.14 #2) ] | 
28 =a5 15 
; | GAGE PLANE 


0.470 4 0.007 TYP 0.34640.004 

































[11.944 0.17] [8.79 +0.1] 90-ge 
Q,031£0.011 SEATING PLANE 
(0.79+0.27] | oar 
PIN 1 IDENT 3 DETAIL A 
Ss TYP. SCALE: 20X 
peal 0.032 + 0.002 
0.095 £ 0.005 iz +1 | [o.81 £0.05] 
(2.41 40.12] i | —— 
TYP . / — ” 
TY 0.088 + 0.002 | ————— a 
[= [0.003 (0.07) [2.24 + 0.05] ay 
iste) . | [-0-] ~~" +0,0045 
+0,004 oes 0.0080* 459 
0.016 < 5502 TYP Z fn - \. SEE DETAIL A . eOi1é 
0.007 + 0.003 rp [0.41 2019 : es _ , [0-203 To'959 
[0.184 0.07] -0.05 ve 


[+ [0.010 (0.28) @ [of a@a@] a uacsn (Ro) 


28 Lead Thin Small Outline Package, Type I 
NS Package Number MBS28A 


1.00 + 0.05 






8.0+0.2 
0.22 40.05 TYP 


+ 


“| GAGE PLANE’: 
1.2 MAX \ 
| .-!: a ener 0°-6° 


0.05-0.15 
SEATING PLANE - 






ee 40.15 
0.55 <o'a8 





ee : << 
SEE DETAIL .A 


(LEADFRAME THICKNESS) _ ok ee oy hte PAE Ss ET AL: A 
TYPICAL 
: MBS28A (REV A) 


DIMENSIONS ARE IN MILLIMETERS 
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All dimensions are in millimeters ~ 
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Physical Dimensions 


44 Lead Thin Small Outline Package, ElAd, Type Il 
NS Package Number MDA44 


All dimensions are in millimeters 


11.76 40.20 


LEAD #1 





vd 0.10+0.05 


0.5£0.1 


<> }0.13 | 


ee 1.0£0.1 SEE DETAIL A 
ios = {10182018 
eee | 


ai 
1140 13 22 DETAIL A 
iat 805 sl i 0.30 £0.05 TYP “TYPICAL 





~e- 


DIMENSIONS ARE IN MILLIMETERS 0.1529:58 TYP MOAS4 (REV A) 


44 Lead Thin Small Outline Package, ElAJ, Type Il 
NS Package Number MDB44 


a LEAD #1 


~# (DENT 


All dimensions are in millimeters 


11.76£0.20 





wal 0.10 £0.05 


0.540.1 


[> 10.13 W 


. 
44 ' #35 32 23 DETAIL A 
0.805 TYP 0.3040.05 TYP TYPICAL 


18.81 MAX 


= 1.0£0.1 SEE DETAIL A 
Se ee, 








DIMENSIONS ARE IN MILLIMETERS pias — TYP "ypes4 (Rev A) 
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20 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTC20 


All een are in millimeters 


aoe 
nonooont 


| aces ae 


= 
wb. 


LAND PATTERN RECOMMEN DATION 








GAGE PLANE 


SEATING PLANE 





0.6 + 0.1 
. . ALT A 
fo] 0.2] ¢]B[A] YPICAL 
ALL LEAD TIPS SEE DETAIL D : 
- ee 


(0.90) 


ner LEAD Te 
a 1 MAX 


[-c-] r | 0.65 TYP | ess re] | aes erick 


0.19 - 0.30 TYP 


0.13 A|B Cc ee 
|: | 0.13 @]4]2@© [c@| NTC20 (REV C) 
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Physical Dimensions 


56 Lead Molded Thin Shrink Small Outline Package, aa 


NS Package Number MTD56 


14.0 2 0.1 





All dimensions are in millimeters 







GAGE PLANE 
haz 0.25 
ieee one 
| 

0°-g° SEATING PLANE 

0.15 

0.60 "949 

DETAIL A 
[ofo.2[¢ |B [A] TYPICAL 


ALL LEAD TIPS 






(0.90) 


ee | nae - 0.27 TYP T 


1.1 MAX 


0.10 + 0.05 TYP 


SEE DETAIL A 
a ae 


0.09-0.20 rypel 


MTDS56 (REV A) 


8 Lead (0.300” Wide) Molded Dual-in-Line Package 




























NS Package Number NO8E | 
All dimensions are in inches (millimeters) 
0.373 = 0.400, 
(9.474—10.16) 
0.090 
0.092 0.032 +0.005 
(2.337) OA (0.813 20.127) 
ene 0.250 +0.005 RAD b 
een, Set (6.350.127) PIN NO. 1 ne——~ Fo 
OPTION 1 L 
L2 | 
0.280 .040 | | 

(7.112 MIN 0.030 ay {1.016) nau OPTION 2 

0.300-0.320 (0.762) ™ —— 0.145 —0.200 

(7.62 —8.128) 20°+1° (3.683 —5.080) 

° 0.425 = 0.140 
as ase 0.065 (3.175 — 3.556) 0.020 
0,008—0.015 (a.a7s) (851) g0°+4° (0.508) 
(0.229 0.381) TYP MIN 
+0.040 NOM 0.018 +0.003 
0.325 "a4 (0.457 +0.076) 
+1.016 0.100 +0.010 

(0.255 * 1331) \ (2.5400.254) 
0.045+0.015 
(1.143 £0.381) 0.060 

cos (1.524) 
(1.270) NOSE (REV F) 
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14 Lead (0.300” Wide) Molded Dual-in-Line Package 
NS Package Number N14A 


All dimensions are in inches (millimeters) 


0.740 -0.770 
(18.80 — 19.56) 


0.250+0.010 
(6.350 £0,254) 





IDENT 1] 2 L: 


0.092 


(2.337) 


0.135 +0.005 
(3.429 £0.127) 
0.145 —0.200 
(3.683 —5.080) 


0.020 
(0.508) 


a 
MIN .0.125-0.150 


(3.175 —3.810) 


0.014 -—0.023 Typ —> 


(0.356 —0.584) 


0.030 MAX 


(0.762) DEPTH 


OPTION 1 


0.060 tp 


(1.524) 


—— 


__ 
0.050 +0.010 


a aad 


(1.270 -—0.254) 


TYP 


OPTION 02 


0.300 —0.320 
(7.620 —8.128) 
4° Typ 
OPTIONAL 


95° +§° 


g0°+4° TYP 


0.100 + 0.010 
(2.540 + 0.254) 


0.075 +0.015 
77,905 +0.381) 0.280, 
(7.112) Ai as 


TYP 


000 


0.325 0325 a. 015 


0.008 - 0.016 
(0-203 —0.406) = 0.406) 


(a.2s5 #2015 255 +1) ah 


~0.381, 


NI4A (REV F) 


16 Lead (0.300” Wide) Molded Dual-in-Line Package 
NS Package Number N16A 


All dimensions are in inches (millimeters) 


0.092 
(2.337) 


DIA NOM 
(2X) 


0.030 

(0.762) 
0. ‘a ‘ 320 MAX 
(7.620-8.128) | 


95°+5° 


0.325 0.015 


(0255 “t381) 


0.009-0.015 
(0.223-0,381) 


0.075 +0.015 Le. 
(1.905 +0.381) 


se 


0.065 0.060 
(1.651) —*(1.524) 


— 


0.100 +0.010 
(2.540 +0.254) 


0.843—-0.870 
(21.41-22.10) 





4. 


0.250 +0.005 
(6.350 +0.127) 


0.130 +0.005 
(3.302 +0.127) 


0.145—0.200 
(3.683-5.080) 


g0°+4 0.020 


nore s0.003 0.125-0.140 (0.508) 
(0.457 20.076) (3.175-3.556) 


N16A (REV E) 





suolsuawig jeoisAud 





Physical Dimensions 


16 Lead (0.300” Wide) Molded Dual-in-Line Pacnage: Thermally enhanced 
NS Package Number N16G 


0.870 
0.843 


All dimensions are in inches 


2x B 0.092 
70.030 way 


PIN NO. 


0.135 40.005 
0.200 


90° + 4° TYP 


Ne |L-o,018#0.003 Sie 0.075 40.015 


0.100 + 0.010 0.32570-040 


N16G (REV B) 


28 Lead (0.600” Wide) Molded Dual- -in- -Line Package 
NS Package Number N28B 


All dimensions are in inches (millimeters) 


0.510 +0.005 
(12.95 + 0.127) 


0.600 —0.620 0.145-0.210 9 a 0.050 


(15.24— 15.75) (3.683 —5.334) (1.270) 0.125 -0.165 
(3.175—4.181) 9 929 


(0.508) 


ese 5° 0.009 0.015 
(0.229—-0.381) 
——— MIN 0.050+0.015 0.100+0.010 0.018+0.003 
(14.73) . <a Le oral |~— ae | al ee 0.125 0.145 
1.270+0.381 wae a 
neg 0025 ( 381) (2.5404 0.254) (0.457 + 0.076) (3.175—3.683) 
0.015 


+0.635\ 2 
(s. 88 0. my ; H : . N28B (REV E) 





28 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V28A 


+0.006 
0.450 -0.000 


+0.15 
[11.43] -0.00 


PIN #1 IDENT 


All dimensions are in inches [millimeters] 







0.01720.004 TYP 








suoisuawig jeoisAud 


0.02940.003 [0.4340.10] 
[0.74£0.08] a 
25 7 
0.410£0.020 
[10.41#0.51] 
19 


SEATING PLANE 


0.020 

IN TYP 
[o.s1y MN TY 
0.10540.015 
(2.6740.38] 
0.165-0.180 
[4.19-4.57] |? 


ry on en wo nee rn 





| {0.004 [0.10] 





CHAE) 





0.490£0.005 
[12.45£0.13] 





V28A (REV K) 
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48 Lead (7mm x 7mm) Molded Plastic Quad Flat: ee apes cee 
NS Package Number VBH48A ae Be ORR Fhe at] 


All aancnaena arein ralllenctore. 
9.040.25 TYP 








Physical Dimensions 


0° MIN 
R 0.08 - 0.20 


GAGE’ PLANE 
0.25 +\ 










SEATING PLANE 
\- pk 0.08 MIN 





|} 13 | Ore T2 0.05-0.10 



















0.6040.15 
PIN #1 OS go: sah Os 0.20 MIN 
IDENT 7 ' 7 SHARP CORNERS ee ee ae 
EXCEPT PIN 1 IDENT baa 
0.240.05 TYP eS bin 5 TYP + CORNER we xg vet eg, 1 DETAILSA 
: ‘ wd ; TYPICAL 
ye SEE DETAIL A a. so Sit Gelli stan 
\ 1.40 + 0.05 oe tad 
\ TYP : "Sead os VBH48A (REV C) 
i. 
3 Lead Molded TO-92 
NS Package Number.Z03A ioe 
All dimensions are in inches [millimeters] 
5° 2 PLCS 
a 
Leos . Soll BEFORE LEAD FINISH 
9.500 11 
[12.70] 
SEATING PLANE 0135-0.145 
3.43-3.68 
0.090 4, 
[2.29] 0.045-0.055 
(UNCONTROLLED ere [1.14-1.40] 
LEAD DIA 045-0. 
| ) [1.14-1.40] TYP 
0.175-0.185 
[4.45-4.70] + he 
fea ee ann fi 
EJECTION MARK 0.41-0.53 0.090 
us Rr2.29] 10° 2 PLCS 
[1.65] 
+ bse) MAX Z03A (REV F) 
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NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 





NOTES 


NOTES 


NOTES 


NOTES 





A) vationat Semiconductor 


Bookshelf of Technical Support Information 


National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 


This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 


For datasheets on new products and devices still in production but not found in a databook, please contact the National 
Semiconductor Customer Support Center at 1-800-272-9959. 


We are interested in your comments on our technical literature and your suggestions for improvement. 
Please send them to: 

Technical Communications Dept. M/S 16-300 

2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 


ADVANCED BiCMOS. LOGIC (ABTC, IBF, BICMOS SCAN, LOW VOLTAGE 
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK—1994 


ABTC/BCT Description and Family Characteristics e ABTC/BCT Ratings, Specifications and Waveforms 

ABTC Applications and Design Considerations ¢ Quality and Reliability ¢ Integrated Bus Function (IBF) Introduction 
54/74ABT3283 Synchronous Datapath Multiplexer ¢ 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer 
54/74ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing 

SCAN18xxxA BiCMOS 5V Logic with Boundary Scan ¢ 74LVT Low Voltage BICMOS Logic 

VME Extended TTL Technology for Backplanes 


ADVANCED BIPOLAR LOGIC 
FAST, FASTr, ALS, AS DATABOOK—1995 


Introduction to Advanced Bipolar Logic Families e FAST/FASTr/ALS/AS e Family Characteristics 
Ratings, Specifications and Waveforms e Design Considerations e Datasheets ¢ Ordering and Packaging Information 


APPLICATION SPECIFIC ANALOG PRODUCTS DATABOOK—1995 


Audio Circuits ¢ Video Circuits ¢ Automotive ¢ Special Functions « wurlacs Mount 


ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987 


SSI/MSI Functions ¢ Peripheral Functions ¢ LSI/VLSI Functions ¢ Design Guidelines ¢ Packaging 


CMOS LOGIC DATABOOK—1988 


CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes e MM54HC/MM74HC 
MM54HCT/MM74HCT @ CD4XXX ¢ MM54CXXX/MM74CXXX @ Surface Mount 


CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK—1995 


Low Skew Clock Buffers/Drivers ¢ Video Clock Generators ¢ Low Skew PLL Clock Generators 
Crystal Clock Oscillators 


COP8™ DATABOOK—1994 


COP8 Family ¢ COP8 Applications ¢ MICROWIRE/PLUS Peripherals ¢ COP8 Development Support 


CROSSVOLT™ LOW VOLTAGE LOGIC SERIES DATABOOK—1994 


LCX Family ¢ LVX Translator Family ¢ LVX Bus Switch Family ¢ LVX Family e LVQ Family ¢ LVT Family - 


DATA ACQUISITION DATABOOK—1995 | 


Data Acquisition Systems ¢ Analog-to-Digital Converters ¢ Digital-to-Analog Converters © Voltage References 
Temperature Sensors ® Active Filters ¢ Analog Switches/Multiplexers © Surface Mount 


DATA ACQUISITION DATABOOK SUPPLEMENT—1992 


New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook. 


DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989 


Selection Guide and Cross Reference Guides ¢ Diodes @ Bipolar NPN Transistors 
Bipolar PNP Transistors e JFET Transistors ¢ Surface Mount Products © Pro-Electron Series 
Consumer Series ¢ Power Components ® Transistor Datasheets e Process Characteristics 


DRAM MANAGEMENT HANDBOOK—1993 


Dynamic Memory Control ¢ CPU Specific System Solutions ¢ Error Detection and Correction 
Microprocessor Applications 


EMBEDDED CONTROLLERS DATABOOK—1992 


COP400 Family ¢ COP800 Family ¢ COPS Applications ¢ HPC Family ¢ HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals © Microcontroller Development Tools 


FDDI DATABOOK—1994 


Datasheets ¢ Application Notes 


F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1992 


Family Overview ¢ 300 Series (Low-Power) Datasheets e 100 Series Datasheets e 11C Datasheets 
Design Guide ¢ Circuit Basics ¢ Logic Design ¢ Transmission Line Concepts ¢ System Considerations 
Power Distribution and Thermal Considerations e Testing Techniques ¢ 300 Series Package Qualification 
Quality Assurance and Reliability « Application Notes : 


FACT™ ADVANCED CMOS LOGIC DATABOOK—1993 


Description and Family Characteristics e Ratings, Specifications and Waveforms 
Design Considerations © 54AC/74ACXXX @ 54ACT/74ACTXXX @ Quiet Series: 54ACQ/74ACQXXX 
Quiet Series: 54ACTQ/74ACTQXXX © 54FCT/74FCTXXX © FCTA: 54FCTXXXA/74FCTXXXA/B 


FAST® APPLICATIONS HANDBOOK—1990 


Reprint of 1987 Fairchild FAST Applications Handbook 

Contains application information on the FAST family: Introduction ¢ Multiplexers e Decoders ¢ Encoders 
Operators ¢ FIFOs ¢ Counters ¢ TTL Small Scale Integration ¢ Line Driving and System Design 

FAST Characteristics and Testing ¢ Packaging Characteristics 


HIGH-PERFORMANCE BUS INTERFACE DATABOOK—1994 


QuickRing Futurebus+ /BTL Devices BTL Transceiver Application Notes ¢ Futurebus+ Application Notes 
High Performance TTL Bus Drivers ¢ Pl-Bus ¢ Futurebus+ /BTL Reference 


IBM DATA COMMUNICATIONS HANDBOOK—1992 | 


IBM Data Communications ¢ Application Notes 


INTERFACE: DATA TRANSMISSION DATABOOK—1994 


TIA/EIA-232 (RS-232) e TIA/EIA-422/423 e TIA/EIA-485 © Line Drivers © Receivers ¢ Repeaters 
Transceivers ¢ Low Voltage Differential Signaling ® Special Interface ¢ Application Notes 


LINEAR APPLICATIONS HANDBOOK—1994 


The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 


LOCAL AREA NETWORKS DATABOOK—1993 SECOND EDITION 


Integrated Ethernet Network Interface Controller Products ¢ Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products ¢ Token-Ring Interface Controller (TROPIC) 
Hardware and Software Support Products e FDDI Products ¢ Glossary and Acronyms 


LOW VOLTAGE DATABOOK—1992 

This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 


MASS STORAGE HANDBOOK—1989 


Rigid Disk Pulse Detectors ¢ Rigid Disk Data Separators/Synchronizers and ENDECs 
Rigid Disk Data Controller ¢ SCS! Bus Interface Circuits ¢ Floppy Disk Controllers ¢ Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits ¢ Rigid Disk Microcontroller Circuits ® Disk Interface Design Guide 


MEMORY DATABOOK—1994 


FLASH ¢ CMOS EPROMs ® CMOS EEPROMs ¢ PROMs ® Application Notes 


MEMORY APPLICATIONS HANDBOOK—1994 


FLASH ¢ EEPROMs ¢ EPROMs Application Notes 


OPERATIONAL AMPLIFIERS DATABOOK—1995 


Operationa! Amplifiers ¢ Buffers ¢ Voltage Comparators ¢ Active Matrix/LCD Display Drivers 
Special Functions © Surface Mount 


PACKAGING DATABOOK—1993 


Introduction to Packaging ¢ Hermetic Packages ¢ Plastic Packages ¢ Advanced Packaging Technology 
Package Reliability Considerations « Packing Considerations « Surface Mount Considerations 


POWER IC’s DATABOOK—1995 


Linear Voltage Regulators ¢ Low Dropout Voltage Regulators ¢ Switching veiaee Regulators 
Motion Control ¢ Surface Mount 


PRODUCTS FOR WIRELESS COMMUNICATIONS—1996 


Radio Transceiver Components ¢ Baseband Processing Components ¢ Control and Signal Processing Components 
Non-Volatile Memory ¢ Audio Interface Components ¢ Support Circuitry ¢ Power Management 
Complete Cordless Phone Solution 


PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE—1993 


Product Line Overview * Datasheets ¢ Design Guide: Designing with PLDs ¢ PLD Design Methodology 
PLD Design Development Tools ¢ Fabrication of Programmable Logic ¢ Application Examples 


REAL TIME CLOCK HANDBOOK—1993 


3-Volt Low Voltage Real Time Clocks ¢ Real Time Clocks and Timer Clock Peripherals ¢ Application Notes 


RELIABILITY HANDBOOK—1987 


Reliability and the Die ¢ Internal Construction ¢ Finished Package ¢ MIL-STD-883 ¢ MIL-M- 38510 

The Specification Development Process ® Reliability and the Hybrid Device ¢ VLSI/VHSIC Devices 

' Radiation Environment ¢ Electrostatic Discharge * Discrete Device ¢ Standardization 

Quality Assurance and Reliability Engineering ¢ Reliability and Documentation © Commercial Grade Device 
European Reliability Programs ¢ Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor ¢ The Total Military/Aerospace Standardization Program 
883B/RETS™ Products ¢ MILS/RETST™ Products * 883/RETS™ Hybrids ¢ MIL-M-38510 Class B Products 
Radiation Hardened Technology ¢ Wafer Fabrication ¢ Semiconductor Assembly and Packaging 
Semiconductor Packages ® Glossary of Terms ¢ Key Government Agencies ¢ AN/ Numbers and Acronyms 
Bibliography ¢ MIL-M-38510 and DESC Drawing Cross Listing 


SCAN™ DATABOOK—1994 


Evolution of IEEE 1149.1 Standard e SCAN BiCMOS Romer e SCAN ACMOS Products ¢. System Test Products 
Other IEEE 1149.1 Devices 


TELECOMMUNICATIONS—1994 


COMBO and SLIC Devices ¢ ISDN ¢ Digital Loop Devices * Analog Telephone Components ® Software e Application Notes 


VHC/VHCT ADVANCED CMOS LOGIC DATABOOK—1993 


This databook introduces National’s Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT) 
designs. The databook includes Description and Family Characteristics ¢ Ratings, Specifications and Waveforms 

Design Considerations and Product Datasheets. The topics discussed are the advantages of VHC/VHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 


NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS - 


ALABAMA 


Huntsville : 
Anthem Electronics 
(205) 890-0302 


Future Electronics Corp. 


(205) 830-2322 
Hamilton/Hallmark 
(205) 837-8700 
Pioneer Technology 
(205) 837-9300 
Time Electronics 
(205) 721-1134 


ARIZONA 


Phoenix 


Future Electronics Corp. 


(602) 968-7140 
Hamilton/Hallmark 
(602) 437-1200 
Scottsdale 
Alliance Electronics Inc. 
(602) 483-9400 
Tempe 
Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-3600 
Pioneer Standard 
(602) 350-9335 
Time Electronics 
(602) 967-2000 


CALIFORNIA 


Agoura Hills 
Future Electronics Corp. 
(818) 865-0040 
Pioneer Standard 
(818) 865-5800 
Time Electronics 
(818) 707-2890 
Chatsworth 
Anthem Electronics 
(818) 775-1333 
Costa Mesa 
Hamilton/Hallmark 
(714) 641-4100 
Irvine 
Anthem Electronics 
(714) 768-4444 
Bell Industries 
(714) 727-4500 
Future Electronics Corp. 
(714) 453-1515 
Pioneer Standard 
(714) 753-5090 


Zeus Elect. an Arrow Co. 


(714) 581-4622 
Rocklin 

Anthem Electronics 

(916) 624-9744 

Bell Industries 

(916) 652-0418 
Roseville 


Future Electronics Corp. . 


(916) 783-7877 
Hamilton/Hallmark 
(916) 624-9781 

San Diego 
Anthem Electronics 
(619) 453-9005 
Bell Industries 
(619) 576-3294 
Future Electronics Corp. 
(619) 625-2800 
Hamilton/Haltmark 
(619) 571-7540 
Pioneer Standard 
(619) 514-7700 
Time Electronics 
(619) 674-2800 

San Jose 
Anthem Electronics 
(408) 453-1200 
Future Electronics Corp. 
(408) 434-1122 


San Jose (Continued) 
Hamilton/Hallmark 
(408) 435-3500 
Pioneer Technology 
(408) 954-9100 


Zeus Elect. an Arrow Co. 


(408) 629-4789 
Sunnyvale 
Bell Industries 
(408) 734-8570 
Time Electronics 
(408) 734-9890 
Tustin 
Time Electronics 
(714) 669-0216 
Westlake Village 
Bell Industries 
(805) 373-5600 
Woodland Hills 
Hamilton/Hallmark 
(818) 594-0404 
Time Electronics 
(818) 593-8400 


COLORADO 


Denver 
Bell Industries 
(303) 691-9270 

Englewood 

- Anthem Electronics 

(303) 790-4500 
Hamilton/Hallmark 
(303) 790-1662 
Pioneer Technology 
(303) 773-8090 
Time Electronics 
(303) 799-5400 

Lakewood 
Future Electronics Corp. 
(303) 232-2008 


CONNECTICUT 


Cheshire 
Future Electronics Corp. 
(203) 250-0083 
Hamilton/Hallmark 
(203) 271-2844 
Meriden 
Bell Industries 
(203) 639-6000 
Shelton 
Pioneer Standard 
(203) 929-5600 
Wallingford 
Advent Electronics 
(800) 982-0014 


Waterbury 


Anthem Electronics 
(203) 575-1575 


FLORIDA 
Altamonte Springs 


Anthem Electronics 
(407) 831-0007 
. Bell Industries 
(407) 339-0078 
Future Electronics Corp. 
(407) 865-7900 
Pioneer Technology 
(407) 834-9090 
Deerfield Beach 
Future Electronics Corp. 
(305) 426-4043 
Pioneer Technology 
(305) 428-8877 
Fort Lauderdale 
Hamilton/Hallmark 
(305) 484-5482 
Time Electronics 
(305) 484-1864 
Indialantic 
Advent Electronics 
(800) 975-8669 
Lake Mary : 


Zeus Elect. an Arrow Co. 


(407) 333-9300 


Largo 


Future Electronics Corp. 


(813) 530-1222 
Hamilton/Hallmark 
(813) 541-7440 
Orlando 
Chip Supply 
“Die Distributor” 
(407) 298-7100 
Time Electronics 
(407) 841-6566 
Winter Park 
Hamilton/Hallmark 
(407) 657-3300 


GEORGIA 

Duluth 
Anthem Electronics 
(404) 931-9300 
Hamilton/Hallmark 
(404) 623-4400 
Pioneer Technology 
(404) 623-1003 
Time Electronics 
(404) 623-5455 

Norcross 


Future Electronics Corp. 


(404) 441-7676 


ILLINOIS 
Addison 
Pioneer Standard 
(708) 495-9680 
Bensenville 
Hamilton/Hallmark 
(708) 860-7780 
Des Plaines 
Advent Electronics 
(800) 323-1270 
Elk Grove Village 
Bell Industries 
(708) 640-1910 
Hoffman Estates 


Future Electronics Corp. 


(708) 882-1255 
Itasca 


Zeus Elect. an Arrow Co. 


(708) 595-9730 
Schaumburg 

Anthem Electronics 

(708) 884-0200 

Time Electronics 

(708) 303-3000 


INDIANA 
Carmel 

Hamilton/Halimark 
(317) 575-3500 

. Fort Wayne 
Belt Industries 
(219) 422-4300 

_ Indianapolis 


Advent Electronics Inc. 


(800) 732-1453 
Bell Industries 
(317) 875-8200 


Future Electronics Corp. 


(317) 469-0447 
Pioneer Standard 
(317) 573-0880 


lOWA 
Cedar Rapids 
Advent Electronics 
(800) 397-8407 
Hamilton/Hallmark 
(319) 393-0033 


KANSAS 
Lenexa 
Hamilton/Hallmark 
(913) 888-4747 
- Overland Park 


Future Electronics Corp. 


_ (913) 649-1531 


‘KENTUCKY 


Lexington 
Hamilton/Halimark 
(606) 288-4911 


MARYLAND 


Columbia 
Anthem Electronics 
(410) 995-6640 
Bell Industries 
(410) 290-5100 
Future Electronics Corp. 
(410) 290-0600 
Hamilton/Hallmark 
(410) 988-9800 
Seymour Electronics 
(410) 992-7474 
Time Electronics 
(410) 720-3600 
Gaithersburg 
Pioneer Technology . 
(301) 921-0660 


MASSACHUSETTS 


Andover 

Bell Industries 

(508) 474-8880 
Bolton 

Future Electronics Corp. 

_ (608) 779-3000 

Lexington 

Pioneer Standard 

(617) 861-9200 
Newburyport 

Rochester Electronics 

“Obsolete Products” 

(508) 462-9332 
Norwood 

Gerber Electronics 

(617) 769-6000 © 
Peabody 

Hamilton/Hallmark 

(508) 532-3701 

Time Electronics 

(508) 532-9777 
Tyngsboro 

Port Electronics 

(508) 649-4880 
Wilmington 

Anthem Electronics 

(508) 657-5170 

Zeus Elect. an Arrow Co. 

(508) 658-0900 


MICHIGAN 


Farmington Hills 
Advent Electronics 
(800) 572-9329 
Grand Rapids 
Future Electronics Corp. 
(616) 698-6800 
Pioneer Standard 
(616) 698-1800 
Livonia Pong? 
Future Electronics Corp. 
(313) 261-5270 
O'Fallon 
Advent Electronics 
(800) 888-9588 


‘Plymouth 


Hamilton/Hallmark 

(313) 416-5800 

Pioneer Standard . 

(313) 416-2157 
Wyoming 

R. M. Electronics, Inc. 

(616) 531-9300 


MINNESOTA 


Bloomington 
Hamilton/Hallmark 
(612) 881-2600 

Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Future Electronics Corp. 
(612) 944-2200 
Pioneer Standard ~ 
(612) 944-3355 . - 

Minnetonka 
Time Electronics | 
(612) 931-2131 


NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued) 


MINNESOTA (Continued) 

Thief River Falls 
Digi-Key Corp. 
“Catalog Sales Only” 
(800) 344-4539 


MISSOURI 


Earth City 
Hamilton/Halimark 
(314) 281-5350 

Manchester 
Time Electronics 
(314) 230-7500 

St. Louis 


Future Electronics Corp. 


(314) 469-6805 


NEW JERSEY 
Camden 
Advent Electronics 
(800) 255-4771 
Cherry Hill 
Hamilton/Halimark 
(609) 424-0110 
Fairtield 
Bell Industries 
(201) 227-6060 
Pioneer Standard 
(201) 575-3510 
Marlton 


Future Electronics Corp. — 


(609) 596-4080 
Time Electronics 
(609) 596-1286 
Mount Laure! 
Bell Industries 
(609) 439-8860 
Seymour Electronics 
(609) 235-7474 
Parsippany 
Future Electronics Corp. 
(201) 299-0400 
Hamilton/Hallmark 
(201) 515-1641 
Pine Brook 
Anthem Electronics 
(201) 227-7960 ; 
Wayne 
Time Electronics 
(201) 785-8250 


NEW MEXICO 


Albuquerque 
Bell Industries 
(505) 292-2700 
Hamilton/Hallmark 
(505) 828-1058 


NEW YORK 


Binghamton 
Pioneer Standard 
(607) 722-9300 
Buffalo 
Summit Distributors 
(716) 887-2800 
Commack ‘ 
Anthem Electronics 
(516) 864-6600 
Fairport 
Pioneer Standard 
(716) 381-7070 
Hauppauge 
Future Electronics Corp. 
(516) 234-4000 
Hamilton/Hallmark 
(516) 434-7400 
Time Electronics 
(516) 273-0100 
Port Chester 


Zeus Elect. an Arrow Co. 


(914) 937-7400 
Rochester 

Future Electronics Corp. 
(716) 387-9550 
Hamilton/Hallmark 
(800) 475-9130 

Summit Distributors 
(716) 334-8110 


Syracuse 


Future Electronics Corp. 


(315) 451-2371 

Time Electronics 
(315) 434-9837 

Woodbury 

Pioneer Standard 
(516) 921-9700 
Seymour Electronics 
(516) 496-7474 


NORTH CAROLINA 
Charlotte 


Future Electronics Corp. 


(704) 547-1107 
Morrisville 

Pioneer Technology 

(919) 460-1530 
Raleigh 

Anthem Electronics 

(919) 782-3550 


Future Electronics Corp. 


(919) 790-7111 
Hamilton/Hallmark 
(91 9) 872-0712 


OHIO 
Beavercreek 


Future Electronics Corp. 


(513) 426-0090 
Cleveland — 
Pioneer Standard 
(216) 587-3600 
Columbus 
Time Electronics 
(614) 794-3301 
Dayton 
Bell Industries 
(513) 435-5922 
Bell industries-Military 
(513) 434-8231 
Hamilton/Hallmark 
(513) 439-6735 
Pioneer Standard 
(513) 236-9900 
Mayfield Heights 


Future Electronics Corp. 


(216) 449-6996 
Solon 
Bell Industries 
(216) 498-2002 
Hamilton/Hallmark 
(216) 498-1100 
Worthington 
Hamilton/Hallmark 
(614) 888-3313 


OKLAHOMA 
Tulsa ° : 

Hamilton/Halimark 
(918) 254-6110 - 
Pioneer Standard 
(918) 665-7840 
Radio Inc. 
(918) 587-9123 


OREGON 
Beaverton 
Anthem Electronics 
(503) 643-1114 
Bell Industries" 
(503) 644-3444 


Future Electronics Corp. 


(503) 645-9454 
Hamilton/Hallmark 
(503) 526-6200 
Pioneer Technology 
(503) 626-7300 - 
Portland 
Time Electronics 
(503) 684-3780 


PENNSYLVANIA 
Horsham 
Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 


Pittsburgh 
Pioneer Standard 
(412) 782-2300 


TEXAS 


Austin 
Anthem Electronics 
(512) 388-0049 . 
Future Electronics Corp. 
(512) 502-0991 
Hamilton/Halimark 
(512) 258-8848. 


Minco Technology Labs. 


“Die Distributor” 
(512) 834-2022 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 219-3773 
Carrollton 


Zeus Elect. an Arrow Co. 


(214) 380-4330 
Dallas ; 

Hamilton/Hallmark - 

(214) 553-4300 

Pioneer Standard - 

(214) 386-7300 
Houston 

Future Electronics Corp. 

(713) 785-1155 

Hamilton/Hallmark 

(713) 781-6100 

Pioneer Standard 

(713) 495-4700 
Richardson - 

Anthem Electronics 

(214) 238-7100 

Bell industries 

(214) 690-9096 

Future Electronics Corp. 

(214) 437-2437 

Time Electronics 

(214) 480-5000. 


UTAH 


Midvale 
Bell Industries 
(801) 255-9691 
Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Future Electronics Corp. 
(801) 467-4448 
Hamilton/Hallmark 
(801) 266-2022 
West Valley City 
Time Electronics 
(801) 973-0208 


WASHINGTON 


Bellevue 
Bell Industries 
(206) 646-8750 
Pioneer Technology 
(206) 644-7500 
Bothell 
Anthem Electronics 
(206) 483-1700 
Future Electronics Corp. 
(206) 489-3400 
Kirkland 
Time Electronics 
(206) 820-1525 
Redmond 
Hamilton/Hallmark 
(206) 881-6697 


WISCONSIN 


Brookfield 
Future Electronics Corp. 
(414) 879-0244 
Pioneer Standard 
(414) 784-3480 
Mequon 
Taylor Electric 
(414) 241-4321 
New Berlin 
Hamilton/Hallmark 
(414) 780-7200 


Waukesha 
Bell Industries 
(414) 547-8879 
West Allis 
Advent Electronics 
(800) 500-0441 
CANADA 
WESTERN PROVINCES 
Burnaby 
Hamilton/Hallmark 
(604) 420-4101 
Semad Electronics Ltd. 
(604) 451-3444 
Calgary 
Electro Sonic Inc. 
(403) 255-9550 
Future Electronics Corp. 
(403) 250-5550 
Semad Electronics Ltd. 
(403) 252-5664 
Zentronics/Pioneer 
(403) 295-8838 . 
Edmonton 
Future Electronics Corp. ° 
(403) 438-2858 
Zentronics/Pioneer 
(403) 482-3038 
Markham 
Semad Electronics Ltd. 
(905) 475-8500 
Richmond 
Electro Sonic Inc..: 
(604) 273-2911 
Zentronics/Pioneer 
(604) 273-5575 _ 
Vancouver a, 
Future Electronics Corp. 
(604) 294-1166 
EASTERN PROVINCES 
Mississauga 
Future Electronics Corp. 
(905) 612-9200 
Hamilton/Hallmark 
(905) 564-6060 
Time Electronics 
(905) 712-3277 
Zentronics/Pioneer: 
(905) 405-8300 
Nepean 
Hamilton/Hallmark 
(613) 226-1700 
Zentronics/Pioneer 
(613) 226-8840 
Ottawa ; 
Electro Sonic Inc. 
* (613) 728-8333 
Future Electronics Corp. - 
(613) 820-8313 
Semad Electronics Ltd. 
(613) 526-4866 
Pointe Claire 
Future Electronics Corp. 
(514) 694-7710 
Semad Electronics Ltd. 
(514) 694-0860 
Quebec 
Future Electronics Corp. 
(418) 877-6666 
Ville St. Laurent 
Hamilton/Hallmark 
(514) 335-1000 
Zentronics/Pioneer 
(514) 737-9700 
Willowdale 
Electro Sonic Inc. 
(416) 494-1666 
Winnipeg 
Electro Sonic Inc. 
(204) 783-3105 
Future Electronics Corp. 
(204) 944-1446 
Zentronics/Pioneer 
(204) 694-1957 
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AUSTRALIA . 


National Semiconductor 
(Australia) Pty. Ltd. 

Bldg. 16 Business Park Dr. . 
Monash Business Park 
Nottinghill Melbourne 
Victoria 3168 Australia 

Tel: (39) 558-9999 

Fax: (39) 558-9998 - . 


BRAZIL 
National Semiconductores. 
Do Brazil Ltda. 
Rue Deputado Lacorda 
Franco 120-3A : 
Sao Paulo-SP Brazil 05418-000: 


Tel: (55-11) 212-5066 
Fax: (55-11) 212-1181 


CANADA -: 


National Semiconductor 
(Canada) 

5925 Airport Road, Suite 615 
Mississauga, Ontario L4V 1W1: 
Tel: (416) 678-2920 ; 

Fax: (416) 678-2837 


National Semiconductor ; 
(Canada) ‘ 
39 Robertson Road, Suite 101 
Nepean, Ontario K2H 8R2 
Tel: (613) 596-0411 

Fax: (613) 596-1613 


National Semiconductor 
(Canada) 

1870 Boul Des Sources, 

Suite 101 

Pointe Claire, Quebec H2A SN4 
Tel: (514) 426-2992 

Fax: (514) 426-2710 .- 


CHINA | 


National Semiconductor =.’ 
Beijing China Liaison — 
Office 

Room 1930 

New Century Hotel, 

No. 6 Southern Road 

Capital Gym 

Beijing 100046, PRC 

Tel: 10-849-133 1 

Fax: 10-849-133 2 


FINLAND 


National Semiconductor 
(U.K.) Ltd. 
Mekaanikonkatu 13 © 
SF-00810 Helsinki 

















Finland : 


Tel: (0) 759-1855 
Fax: (0) 759-1393 
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WORLDWIDE SALES OFFICES. 


FRANCE 


National Semiconductor . 

S.A. : 

Pare d’Affaires Technopolis ; 

3, Avenue Du Canada. 

Bat. ZETA-L.P. 821 Les Ulis . ~ 
F-91974 Courtaboeuf Cedex 
France : 

Tel: (1) 69 18 37 00 ke 

Fax: (1) 69183769... 


GERMANY ..... 


National Semiconductor 
GmbH 
Livry-Gargan-Strasse. 10 
D-82256 Forstenfolabruck:. 
Germany 

Tel: (0-81-41) 35- 01. Bes 
Fax: (0-81-41) 35-15- 06 .- 


HONG KONG - 


National Semiconductor ' 
Hong Kong Ltd. . 
13th Floor, Straight Block 
Ocean Centre 

5 Canton Road : 
Tsimshatsui, Kowloon ae 
Hong Kong ne 
Tel: (852) 2737-1600 

Fax: (852) 2736-9960 


INDIA... 


National Semiconductor 
India Llaison Office: 

26 Cunningham Road 
Bangalore 560052 India 
Tel: 80-226-7272 . . - 
Fax: 80-225-1133 - 


ISRAEL 


National Semiconductor Ltd. 
Maskit Street Hoa 

PO Box 3007 

Herzlia B. 46104 

Israel 

Tel: (09) 59 42 55 

Fax: (09) 55 83 22 


ITALY 


National Semiconductor S.p.A. 
Strada 7, Palazzo R/3 - 

|-20089 Rozzano- Milanofiori” 
Italy 

Tel: (02) 57 50 03 00. 

Fax: (02) 57 50 04 00 




















JAPAN. 


National Semiconductor 
Japan Ltd. 

Sumitomo Chemical : 
Engineering Center Bidg. 7F 
1-7-1, Nakase, Mihama-Ku- 

Chiba-City, 

Chiba Prefecture 261 
Japan ; 

Tel: (043) 299-2300 

Fax: (043) 299-2500 


KOREA 


National Semiconductor . 
(Far East)Ltd. ; 
13th Floor, Dai Han. 
Life Insurance 63 Building - 
60 Yoido-Dong. _ . ; 
Youngdeungpo-KU _ 
Seoul Korea 150-763" 
Tel: (02) 784-8051/3 

(02) 785-0696/8 
Fax: (02) 784-8054 


MALAYSIA 


National Semiconductor . 
Sdn Bhd : 
Bayan Lepas Free Trade Zone . 
11900 Penang Malaysia , 

Tel: 4-644-9061 

Fax: 4-644-9073 


MEXICO . 
Electronica NSC de 
Mexico SA . 
Juventino Rosas No. 118- 2 
Col Guadalupe Inn ; 
Mexico, 01020 D.E. Mexico 5 


Tel: (525) 661-7155 
Fax: (525) 661-6905 














PUERTO RICO. | 





National Semiconductor. 
(Puerto Rico) 

La Electronica Bldg. 

Suite 312, R.D. #1 KM 14. 5 
Rio Piedias 

Puerto Rico 00927 

Tel: (809) 758-9211 

Fax: (809) 763-6959 


SINGAPORE |. 


National Semiconductor 

Asia Pacific Pte. Ltd. .- : 
200 Cantonment Road.# 13-01 
Southpoint Singapore 0208 

Tel: (65) 225-2226 | 

Fax: (65) 225-7080 





SPAIN 


National Semiconductor GmbH | 
Calle Agustin de Foxa, 27 (9°D) . 
E-28036 Madrid 
Spain 

Tel: (01) 7-33-29-54 
Fax: (01) 7-33-80-18 


SWEDEN 


Nationa! Semiconductor, AB. 
P.O. Box 1009 
Grosshandlarvdgen 7 
$-12123 Johanneshov, cn 
Sweden : “ 

Tel: (08) 7 22 80 50 

Fax: (08) 7 22 90 95° 


SWITZERLAND _ 


National Semiconductor ; 
(U.K.) Ltd. 

Alte Winterthurerstrasse 53 
CH-8304 Wallisellen-Zirich 
Switzerland a4 i 
Tel: (01) 8-30-27- 27 abe, ° 
Fax: (01) 8-30-19-00 


TAIWAN:. ; 


National Semiconductor" : 

(Far East) Ltd. oe 
9/F, No. 44 Section 2 . hase 
Chungshan North Road .*. i 
Taipei, Taiwan, R.O.C. 

Tel: (02) 521-3288 

Fax: (02) 561-3054 


U.K. AND IRELAND.. 


Nationa! Semiconductor. 
(U.K.) Ltd. 

The Maple, Kembrey Park. «| 
Swindon, Wiltshire SN2 6YX , 
United Kingdom ‘ 

Tel: (07-93) 614141. 

Fax: (07-93) 522180 .. 
Telex: 444674 


UNITED STATES 


National Semiconductor .. 
Corporation : 
1111 West Bardin Road 
Arlington, TX 76017 

Tel: (800) 272-9959 - 

Fax: (800) 737-7018 
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7 National Semiconductor supplies a comprebensive set of service and support capabilit 
Gomplete. product tnjormation and design support is available from Nationdal's custome 
: support. centers. ~ ' - = ey 
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To receive sales literature and technical assistance, contact the National support e center Ti tm Jour ¢ aré 
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zs | - _ Americas Tel: ~12800-272-9959~ a 
_ Fax: 1:800=737-7018 * 
~~ Email: support@tevm2. nsc.com . 


~ ~ 


~ 


Europe Fax: G49) 0-180-530 85- 86~' 

: ~ Email: cnjwge@tevm2.nsc.com 
Deutsch Tel: . (+49) 0-180-530 85 85 
English Tel: (+49) 0-180-532 78 32 
Francais Tél: (+49) 0-180-53293 58° * 

Italiano .Tel: (+49) 0- 180-534 1680 > 





Japan- = _._ Tel: 81-043-299-2309> Se 
a ~ Fax: 81-043-299-2408 » 


a ~ 


See us on the Worldwide Web at: http:/ /www.nsc.com 


\ 
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For support in the following countries, please contact the offices listed below: 


Australia _ - India ’ Malaysia 











Tel: (39) 558-9999 Tel: 80-226-7272 - Tel: 4-644-90061 : 
Fax: (39) 558-9998 Fax: 80-225-1133 _ Fax:.. 4-644-9073 
China ; Korea Singapore 
Tel: 10-849-133 1 : Tel: (02)'784-8051/3 + Tel: (65). 225:2226 
Nee ~ Fax: 10-849-133 2 (02) 785-0696/8 : Fax: (65) 225- 7080. 
Hong Kong Fax: (02) 784-8054 4 ~ ‘Tajwan : 
Tel: (852) 2737-1600 a ts sey TEE 2) 521-3288 
Fax: (852) 2736-9960 . “ oo AS Fax: "@2) 56]-3054 
For.a complete listing of worldwide sales offices, see inside back page. + * .. .« a 
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